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From  the  Swedish  Hospital  of  Minneapolis  and  the  Departments  of  Obstetrics  and  of 

Anatomy  of  the  University  of  Minnesota. 

A  LTHOUGH  numerous  studies  have  been  made  of  the  prenatal  and 
^^  postnatal  course  of  the  ossification  of  the  extremities,  systematic 
observations  on  the  occurrence  of  ossification  centers  in  the  joints  at 
birth  are  limited  to  the  roentgenographic  studies  of  Pozier  (1912)  and 
Hasselwander  (1909)  and  certain  earlier  medicolegal  work.  Pozier's 
study,  while  based  on  a  large  series  of  cases,  was  confined  to  an 
examination  of  the  ossification  of  the  knee  joint  in  the  newborn.  Has- 
selwander studied  the  ankle  only.  Students  of  legal  medicine  who 
have  investigated  this  problem  have  generally  limited  themselves  to  the 
study  of  the  inferior  femoral  epiphysis,  although  Corrado  (1891)  and 
Toldt  (1882)  studied  both  the  knee  and  the  ankle  centers  by  section  at 
autopsy.  Aside  from  a  series  of  10  cases  examined  by  Puyhaubert 
(1913)  no  systematic  study  has  been  made  of  ossification  of  the  carpus 
at  birth. 

The  present  study  was  undertaken  with  the  object  of  determining 
the  condition  of  the  ossification  centers  of  the  wrist,  knee  and  ankle 
in  the  newborn,  their  interrelationships,  and  particularly  their  re- 
lation to  the  maturity  and  to  the  size  of  the  child.  Incidentally  we 
have  considered  the  effect  of  parity  and  sex  upon  the  condition  of 
these  centers  at  birth. 

Our  material  consisted  of  100  newborn  children  (45  females  and  55 
males)  taken  seriatim  from  the  service  of  the  senior  author  in  the 
Maternity  Ward  of  the  Swedish  Hospital  of  Minneapolis.  Each  of 
these  children  was  weighed  and  was  measured  for  total  length,  and 
radiographs  were  made  of  the  ankles,  knees  and  wrists  of  both  sides 
within  48  hours  after  birth.  The  menstrual  history  of  each  case  was 
also  determined  with  care,  and  may  be  regarded  as  quite  reliable  since 
the  mothers  were  all  patients  of  the  better  class  and  of  considerable 
intelligence.* 


•We  wish  to  express  our  appreciation  of  the  liberality  aii<I  interest  of  the  Superintendent. 
G.  W.  Olson,  and  the  Board  of  the  Swedish  Hospital  for  their  sii|>port  of  this  study  and  to 
acknowledge  the  cooperation  of  the  supervising  nurse,  Miss  Iluseby,  and  of  the  radiologist.  Miss 
Anna  Johnson. 
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Of  the  100  children  studied,  45  were  females  and  55  were  males. 
The  average  weight  of  the  entire  group  was  3374  grams.  The  females 
ranged  from  2185  to  4440  grams  in  weight,  the  average  being  3367 
grams.  The  males  averaged  3380  grams  in  weight,  the  minimum  being 
2080  grams  and  the  maximum  5060  grams.  The  average  length  of 
the  females  was  50  cm.,  the  minimum  43  cm.  and  the  maximum  54  cm. 
The  average  length  of  the  males  was  50.5  cm.,  the  minimum  42  cm. 
and  the  maximum  55  cm.  The  average  period  of  gestation,  as  calcu- 
lated from  the  first  day  of  the  last  menstruation,  w^as  280  days.  The 
minimum  was  233  days  and  the  maximum  was  312  days.  Of  these  cases 
two  males  and  two  females  were  frankly  premature  as  evidenced  both 


Temur 


"Rbifl 


(calcamum) 
cuixiideum 


Inferior 
temoral 
epipby^b 

Superior 

tibial 
epiphyais 


Tibub 


(astragalus) 


Mclalarsflls 


Ulna 


t)5  bomalum; 


Radius 


05 

^apitalum 


•.Melacappab 


Fig.  2. — Tracing  of  a  radiogram  of  the  right 
hand  of  a  full-term  newborn  child  showing  the 
various  ossific  masses. 


Fig.  1.— Tracing  of  a  radiogram  of  the  right 
leg  of  a  full-term  newborn  child  showing  the 
various  ossific  masses.  The  epiphyses  and  the 
OS  cuboideum  arc  indicated  in  heavy  stipple  in 
this  and  the  following  figures  of  the  lower  ex- 
tremity. 

by  the  weight  and  length  and  by  the  menstrual  history.  The  body 
lengths  and  weights  of  three  of  the  male  infants  distinctly  indicated 
postmaturity  although  the  menstrual  history  did  so  in  one  instance 
only.  Of  the  hundred  children,  64  were  firstborn.  There  were  no 
multiple  births  in  the  series. 

The  ossification  centers  under  consideration  will  be  taken  up  in 
the  following  order;  knee,  ankle  and  wrist.  Figures  1  and  2  are 
tracings  of  radiographs  of  these  regions  in  the  newborn  and  the  va- 
rious ossific  masses  which  they  show  have  been  labeled  in  accordance 
with  the  nomenclature  employed  in  our  descriptions. 
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THE  CENTERS  OF  OSSIFICATION  OF  THE  KNEE 

The  Inferior  Femoral  Epiphysis. — This  center  was  present  in  98 
per  cent  of  our  cases,  being  absent  only  twice  (in  one  female  and  in 
one  male,  both  of  which  were  frankly  premature). 

The  course  of  ossification  of  the  inferior  extremity  of  the  femur  is 
probably  better  known  than  that  of  any  other  part  of  the  skeleton. 
Early  in  the  nineteenth  century  (1819)  Beclard  pointed  out  the  sig- 
nificance of  this  center  as  a  test  of  the  maturity  of  the  newborn.  This 
lead  to  a  series  of  extended  studies  of  the  subject  by  investigators 
in  legal  medicine,  among  the  more  important  being  those  of  Mildner 
(1850),  Bohm  (1858),  Pleissner  (1861),  Casper  (1862),  Hartmann 
(1869),   Barkow    (1872),   Toldt    (1882),    Corrado    (1891),    Tammasia 


Fir.  3. — Tracing  of  a  radiogram  of  the  lower  extremities  of  a  male  newborn  of  289  days 
gestation,  having  a  birth  weight  of  3350  grams  and  a  toUl  length  of  51.5  cm.  Large  knee  cen- 
lers  but  no  cuboid  centers. 

(1893),  and  Guichard  (1905)  all  of  whom  studied  the  center  by  section 
at  autopsy.  The  only  extensive  radiographic  study  of  the  knee  of  the 
newborn  is  that  of  Pozier  (1912)  who  examined  212  cases.  A  comprehen- 
sive survey  of  the  literature  on  the  subject  would  probably  enable  one  to 
bring  together  records  of  the  development  of  this  center  in  over  2000  cases 
in  late  fetal  life  and  early  infancy.  From  the  literature  available  to 
us  we  have  collated  the  records  of  over  1600  cases  and  these,  together 
with  our  series  (making  a  total  of  1717  observations),  are  shown  in 
Table  I  and  are  illustrated  graphically  by  the  solid  line  curve  in  Fig. 
26. 
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Table  I*  . 

Frequency  of  the  Ossification  op  the  Inferior  Femoral  Epiphysis  in  Later 

Fetal  Life  and  in  Early  Infancy 


total  number  of 

CASES 

NUMBER  OP  CASES 

PER  CENT  or  CASKS 

AGE 

SHOWING  A  CENTER 

SHOWING  A  CENTER 

OF  OSSIFICATION 

OF  OSSIFICATION 

Seventh  fetal  month 

29 

0 

0.0 

Eighth  fetal  month 

143 

7 

4.9 

Ninth  fetal  month 

181 

58 

32.0 

Tenth  fetal  month 

271 

228 

84.1 

Birth  and  first  week 

1004 

995 

95.1 

Second  week 

42 

41 

97.6 

Third  and  fourth  weeks 

70 

69 

98.6 

Second  and  third  months 

27 

27 

100.0 

*In  tables  I,  II  and  III  the  specimens  have  been  classified  on  the  basis  of  the  original 
observer's  estimate  of  age  or,  when  this  was  lacking,  on  the  basis  of  total  body-length  inter- 
preted by  Hasse's  rule. 

These  data  indicate  that  the  appearance  of  this  center  prior  to 
seven  fetal  (lunar)  months  is  extremely  exceptional.  However,  the 
center  may  be  found  in  the  eighth  fetal  month,  as  our  data  indicate 


Fiff.  4. — Tracing  of  a  radiogram  of  the  lower  extremities  of  a  female  newborn  of  280  days' 
gestation,  having  a  birth  weight  of  4440  grams  and  a  total  length  of  52  cm.  Specimen  of  unusu* 
ally  large  dimensions  and  with  large  knee  centers  but  no  cuboid  ossification. 

that  it  is  present  in  approximately  1  case  in  20.  In  the  ninth  fetal 
month  the  frequency  of  its  occurrence  rises  rapidly,  the  average  for 
the  period  being  32  per  cent  or  about  1  case  in  3.  By  the  close  of 
the  ninth  month  the  center  is  present  in  60  per  cent  of  all  cases.  This 
rapid  ossification  continues  through  the  greater  part  of  the  tenth 
month,  the  average  frequency  for  this  period  being  84.1  per  cent,  or 
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about  6  cases  in  7.  In  the  full-term  newborn  the  data  indicate  that 
the  center  is  present  in  about  19  cases  in  20.  The  remaining  moiety  of 
the  cases  ossify  rather  slowly  in  the  first  postnatal  month.  This  may 
indicate  a  small  group  of  individuals  tending  to  some  perversion  of 
bone  development  such  as  fetal  rachitis. 

On  the  whole  these  figures  demonstrate  that  the  ossification  of  the 
inferior  femoral  epiphysis  is  somewhat  more  precocious  than  the 
statements  of  a  number  of  recent  authors  would  indicate.  Since  the 
curve  based  on  the  combined  data  shows  that  this  center  is  present  in 
fully  50  per  cent  of  all  cases  in  the  thirty-sixth  week,  it  is  evident 
that  the  value  of  this  center  as  positive  evidence  of  maturity  is  limited,  al- 
though as  it  is  usually  absent  prior  to  the  twenty-eighth  week,  its  presence 
may  be  taken  as  a  practically  certain  indication  of  viability. 

The  Superior  Tibial  Epiphysis. — ^A  definite  ossific  mass  was  present 
in  the  superior  extremity  of  the  tibia  in  81  per  cent,  or  slightly  more 
than  four-fifths  of  our  series. 

Table  II 

Frequency  or  the  Ossification  op  the  Superior  Tibial  Epiphysis  in  Later 
Fetal  Life  and  at  Birth 


AGE 

TOTAL  NUMBER  OP 
CASES 

NUMBER  OF  CASES 
SHOWING  A  CENTER 

OF  ossification 

PER  CENT  OF  CASES 

SHOWING  A  CENTER 

OF  OSSIFICATION 

Seventh  fetal  month 
Eighth  fetal  month 
Ninth  fetal  month 
Tenth  fetal  month 
Birth 

17 
34 

51 
213 
253 

0 
0 
3 

88 
195 

0.0 
0.0 
5.9 

41.3 
77.1 

The  ossification  of  the  superior  epiphysis  of  the  tibia  has  not  been 
the  subject  of  as  much  investigation  as  has  the  inferior  femoral.  The 
three  main  sets  of  observations  on  this  point  of  ossification  are  those 
of  Toldt  (1882),  Corrado  (1891)  and  Pozier  (1912),  although  Kjolseth 
(1913)  has  also  reported  a  few  observations.  These  records,  together 
with  our  own  data  (making  a  total  of  568  cases),  are  summarized  in  Table 
II  and  are  shown  in  graphic  form  by  broken  line  curve  in  Fig.  26. 

The  superior  tibial  epiphysis  appears  distinctly  later  than  the  inferior 
femoral.  It  is  apparently  always  absent  in  the  seventh  and  eighth 
months,  although  one  instance  of  its  occurrence  in  a  female  fetus  of 
40  cm.  has  been  reported  by  Hassenstein  (1892).  In  the  ninth  month 
its  average  frequency  for  the  entire  period  is  approximately  6  per 
cent,  or  about  1  case  in  17,  and  according  to  our  graph  it  is  present 
in  about  15  per  cent  at  the  end  of  this  time.  In  the  tenth  month 
ossification  proceeds  very  rapidly,  the  average  frequency  for  the 
period  being  slightly  above  40  per  cent,  or  about  2  cases  in  5.  In 
full-term  newborn  children  this  center  is  present  in  75  to  80  per  cent 
of  all  cases. 


Digitized  by  VjOOQ IC 


Although  definite  statements  regarding  the  time  of  appearance  of 
this  center  are  generally  lacking  even  in  more  recent  publications,  it 
is  evident  from  the  study  of  the  data  presented  in  the  literature  and 
from  our  own  observations  that  this  point  of  ossification  is  a  better 
test  of  maturity  than  is  the  inferior  femoral  epiphysis.    The  presence 


Fifir.  5. — Tracing  of  a  radiogram  of  the  lower  extremities  of  a  female  newborn  of  287  days' 
gestation,  having  a  birth  weight  of  3390  grams  and  a  total  length  of  53  cm.  Specimen  of  large 
dimensions  and  with  large  knee  centers  but  no  ossification  of  the  cuboid. 


of  this  center  indicates  in  5  cases  out  of  6  that  the  child  has  passed 
the  ninth  fetal  month.  The  lack  of  this  center,  however,  does  not  neces- 
sarily indicate  prematurity  as  it  is  absent  in  nearly  a  fourth  of  full- 
term  children  at  birth. 

Table  III 
Frequency  of  the  Ossipication  op  the  Cuboh)  in  Later  Fetal  Life  and  at  Birth 


AGE 

total  number  of 

CASES 

number  of  cases 

showing  a  center 

OF  ossipication 

per  cent  of  cases 

SHOWING  A  CENTER 

OF  ossification 

Seventh  fetal  month 
Eighth  fetal  month 
Ninth  fetal  month 
Tenth  fetal  month 
Birth 

17 
34 
45 
84 
127 

0 

0 

2 

23 

77 

0 

0 

4.4 

27.4 

60.6 

THE  BONES  OP  THE  ANKLE 


The  AstraguliLS  (Talus)  and  Calcaneus. — The  calcaneus  is  the  first 
bone  of  the  ankle  to  ossify,  making  its  appearance  about  the  fifth 
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fetal  month,  and  the  astragulus  undergoes  ossification  soon  thereafter. 
As  these  bones  were  present  in  all  of  our  cases,  as  well  as  in  all  similar 
cases  reported  by  others,  they  require  no  further  discussion. 

The  Cuboid. — The  ossification  of  the  os  cuboideum  was  indicated  in 
38  per  cent  of  the  cases  of  our  series. 

The  development  of  the  cuboid  has  been  studied  by  Toldt  (1832), 
Corrado  (1891),  and  Hassel wander  (1909)  who  examined  an  aggre- 
gate of  256  cases.  Kjolseth  (1913)  also  studied  a  small  series  of  cases 
but  her  results  are  published  in  such  form  that  we  cannot  include  them 
in  our  tabulations.  The  summary  of  all  cases,  including  our  series — 
a  total  of  356  cases — is  given  in  Table  III  and  is  illustrated  by  the  curve 
in  dotted  line  in  Fig.  26. 

Ossification  begins  in  the  cuboid,  as  in  the  superior  tibial  epiphysis,  in 
the  first  part  of  the  ninth  fetal  month,  but  proceeds  more  slowly. 
The  average  frequency  for  the  month  is  4  per  cent,  or  1  case  in  25. 
At  the  end  of  the  ninth  month  it  is  present  in  approximately  12 
per  cent  of  all  cases,  or  about  1  case  in  8.  Like  the  superior  tibial, 
the  frequency  of  the  cuboid  center  of  ossification  rises  very  rapidly 
in  the  last  fetal  month,  the  average  for  the  period  being  26  per  cent. 
In  the  full-term  newborn  child  the  center  is  present  in  60  per  cent,  or 
three-fifths  of  all  cases.  Thus  the  significance  of  the  ossification  of 
the  cuboid  as  a  test  of  maturity  at  birth  is  about  the  same  as  that 
of  the  superior  tibial  epiphysis.  Its  presence  indicates  a  little  more 
definitely  that  the  child  has  passed  the  ninth  fetal  month  but  since 
it  is  not  found  in  40  per  cent  of  full-term  newborn  children  its  absence 
cannot  be  regarded  as  significant  of  prematurity. 

THE  OSSIFICATION  OP  THE  WRIST 

The  wrist  is  generally  described  as  cartilaginous  at  the  time  of 
birth  although  no  extensive  studies  have  been  made  on  the  condition 
of  the  carpus  in  the  newborn.  Two  bones  of  the  carpus  may  be 
present  at  this  time,  the  os  capitatum  (magnum)  and  the  os  hamatum 
(unciform).  The  older  writers,  who  depended  on  autopsy  specimens 
for  their  information,  Rambaut  et  Renaut  (1864),  Beclard  (1819), 
Sappey  (1889),  Debierre  (1889)  and  others,  generally  described  the 
OS  capitatum  and  os  hamatum  as  appearing  between  the  first  and 
third  years,  although  Meckel  (quoted  by  Puyhaubert  1913)  found  it 
present  at  birth.  Students  employing  radiography,  on  the  other  hand, 
•usually  report  these  bones  as  appearing  somewhat  earlier.  Pryor 
(1908),  whose  work  on  the  ossification  of  the  hand  is  perhaps  the 
most  careful  and  extensive  study  to  date,  found  that  the  os  capitatum 
and  OS  hamatum  appeared  between  the  third  and  sixth  postnatal 
months  in  females  and  between  the  fifth  and  tenth  postnatal  months 
in  males.  Hess  (1917)  states  that  these  centers  may  be  seen  only 
very  rarely  at  the  time  of  birth.     Puyhaubert  (1913)  examined  the 
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wrists  of  10  newborn  children  and  found  that  the  eapitatum  and 
the  hamatum  were  present  in  2  cases.  He  concluded  that  the  usual 
time  of  the  ossification  of  the  hamatum  was  during  the  first  year 
and  of  the  eapitatum  from  the  last  fetal  month  to  the  close  of  the 
first  year  of  extrauterine  life.  We  found  some  evidences  of  ossi- 
fication in  the  wrist  in  15  instances  of  the  series  of  100.  This  indi- 
cates that  Puyhaubert's  figures  are  a  little  high,  probably  through 
chance  in  working  with  such  a  small  series.  The  os  eapitatum  alone 
was  present  in  7  instances,  or  nearly  one-half  of  the  cases  showing 
carpal  ossification.  In  most  of  the  instances  in  which  both  points  of 
ossification  were  present  the  os  eapitatum  was  apparently  the  larger, 
although  this  was  not  always  true.  In  no  case  did  we  find  the  os 
hamatum  alone  present.  There  has  been  considerable  diflference  of 
opinion  as  to  which  of  these  centers  is  the  first  to  appear.  Brice  (in 
Quain  1915)  and  Nomballais  (1909)  state  that  the  hamatum  is  the 
first  to  appear.  Fuginami  (1911)  and  Rotch  (1909)  recognize  no 
distinction  in  the  time  of  appearance  of  the  two  centers  and  Pryor 
(1908)  and  Puyhaubert  (1913),  who  have  done  the  most  recent  work 
on  the  subject,  regard  the  eapitatum  as  the  first  to  ossify.  Our  obser- 
vations indicate  that  the  last  view  is  the  correct  one,  although  the 
difference  in  the  time  of  the  inauguration  of  ossification  in  the  two 
bones  cannot  be  very  great. 

RELATION  BETWEEN  OSSIFICATION  AND  BODY-LENGTH 

The  relation  in  our  material  between  body-length  and  ossification  is 
shown  in  Table  IV.  In  studying  this  relation  the  cases  were  ar- 
ranged according  to  total  body-length  in  4  classes  of  which  the  first 
3  were  each  of  4  centimeters  range  and  the  last  included  all  cases 
of  52  cm.  or  more. 

The  inferior  femoral  center  was  present  in  one-half  of  the  cases 
falling  between  40  and  44  cm.  and  in  all  cases  above  44  cm. 

The  superior  tibial  center  is  closely  correlated  with  body-length. 
It  was  present  in  one-quarter  of  the  cases  under  44  cm.  and  in  nearly 
one-half  of  the  cases  between  44  and  48  cm.  It  was  found  in  ap- 
proximately five-sixths  of  all  cases  of  48  cm.  and  over,  which  may  be 
regarded  as  a  mature  birth-length. 

A  peculiar  and  no  doubt  accidental  condition  was  found  in  the 
relation  of  the  ossification  of  the  os  cuboideum  to  the  body-length. 
The  center  was  present  in  one-half  of  the  4  cases  having  a  length  of 
less  than  44  cm.  and  only  22  per  cent  of  those  of  44  to  48  cm.  But 
with  this  exception  it  occurs  in  a  progressively  higher  percentage  with 
increasing  body-length.  It  was  present  in  about  two-fifths  of  all  chil- 
dren of  48  cm.  and  over. 

No  ossification  centers  in  the  carpal  bones  were  seen  in  children  of 
less  than  44  em.  in  length.    The  os  eapitatum  was  present  in  approxi- 

10 

Digitized  by  VjOOQ IC 


mately  one-tenth  of  all  cases  having  a  body-length  between  44  and  52 
cm.  and  in  about  one-quarter  of  cases  of  52  cm.  and  over.  The  os 
hamatum  was  present  in  about  6  per  cent  of  cases  between  44  and  52 
cm.  and  in  about  1  case  in  8  of  children  of  52  cm.  and  over. 

RELATION  OP  OSSIFICATION  TO  BODY  WEIGHT 

The  relation  of  ossification  of  the  various  centers  under  considera- 
tion to  the  weight  of  the  body  is  shown  in  detail  in  Table  V,  which 
is  of  the  same  general  arrangement  as  Table  IV.  The  various  cen- 
ters will  be  considered  in  the  order  of  their  appearance. 

The  inferior  femoral  epiphysis  was  present  in  all  of  our  series,  of 
both  sexes,  which  had  a  birth  weight  of  2500  grams  or  over.  In  the 
group  of  lightest  cases  (having  a  birth-weight  of  2000  to  2500  grams) 
the  center  was  present  in  50  per  cent  of  the  females  and  in  75  per  cent 
of  the  males,  or  in  approximately  67  per  cent  of  all  cases  of  this 
weight.  As  2500  grams  is  probably  to  be  regarded  as  a  very  low 
limit  for  the  normal  weight  of  full-term  infants  it  is  probably  safe  to 
say  that  practically  all  newborn  children  who  exceed  the  minimum 
birth  weight  of  maturity  possess  the  inferior  femoral  epiphysis. 

The  superior  tibial  epiphysis  also  shows  a  close  relation  to  body- 
weight.  It  was  absent  in  all  of  the  females  under  2500  grams  in 
weight,  in  three-fourths  of  the  males  and  in  five-sixths  of  the  total 
number  of  cases  in  this  group.  The  center  was  present  in  83  per  cent 
of  children  of  2500  grams  and  over  and  in  85  per  cent  of  children  of 
3000  grams  or  over.  It  was  constantly  present  only  in  our  group 
of  heaviest  cases  (4000  grams  or  over).  Thus  this  center  may  be 
expected  in  approximately  five-sixths  of  all  newborn  children  of  ma- 
ture birth-weight. 

These  results  may  be  compared  with  those  of  Pozier  (1912)  who  also 
studied  the  ossification  of  the  knee  centers  of  the  newborn  by  means 
of  radiography.  He  found  the  inferior  femoral  center  present  in  72 
per  cent  of  cases  having  a  birth-weight  between  2000  and  2500  grams 
but  only  in  children  of  4000  grams  and  above  was  the  center  con- 
stantly present.  The  average  weight  of  the  newborn  in  Paris  is  dis- 
tinctly less  than  that  which  has  been  noted  in  Minneapolis  (approxi- 
mately 3.23  kg.  as  compared  with  3.38  kg.).  This  diflference  might 
account  for  the  greater  frequency  of  ossification  in  the  group  of  lighter 
children  but  it  ofl!ers  no  explanation  for  the  lower  frequency  of  ossi- 
fication in  children  of  medium  weight.  The  same  condition  is  true 
for  the  superior  tibial  epiphysis  since  Pozier  found  this  center  pres- 
ent in  approximately  the  same  per  cent  of  lighter  cases  as  we  did, 
while  it  was  present  in  a  distinctly  lower  percentage  of  children  of 
medium  weight  (3000  to  4000  grams).  In  the  main  the  results  of 
Pozier  and  the  present  findings  agree  in  that  frequency  of  the  center 
is  fairly  closely  related  to  body-weight. 
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The  OS  cuboideum,  when  regarded  without  distinction  of  sex,  also 
shows  a  close  correlation  to  body-weight.  It  was  present  in  approxi- 
mately one-sixth  of  all  cases  between  2000  and  2500  grams  and  is 
found  in  a  progressively  increasing  percentage  of  cases  up  to  the 
group  of  greatest  body-weight  (4000  grams  and  over)  where  it  is 
noted  in  about  3  cases  out  of  5. 

The  OS  capitatum  (os  magnum)  was  not  found  in  any  cases  having 
a  body- weight  under  2500  grams.  It  was  present  in  about  one-sixth 
of  all  cases  between  2500  and  4000  grams  showing  very  little  corre- 
lation with  body-weight  within  these  limits.  In  the  group  of  cases  of 
4000  grams  and  over  it  was  present  in  three  cases  out  of  five, — the 
same  frequency  as  was  observed  for  the  os  cuboideum. 

The  OS  hamatum  showed  much  the  same  character  in  its  distribution, 
although  it  was  less  frequent  than  the  os  cuboideum  or  os  capitatum. 
It  was  present  in  no  cases  having  a  body-weight  of  less  than  2500 
grams,  in  about  one  case  in  20  of  the  children  weighing  between  2500 
and  4000  grams  and  in  2  out  of  5  of  the  children  of  4000  grams  and 
over. 

THE  RELATION  OP  OSSIFICATION  TO   MENSTRUAL  AGE 

We  have  estimated  the  length  of  gestation  of  our  cases  from  the 
menstrual  histories,  the  period  of  conception  being  calculated  from 
the  first  day  of  the  last  menstrual  period.  The  relation  between  body- 
weight,  body-length  and  the  frequency  of  the  various  ossification  cen- 
ters to  the  duration  of  pregnancy,  as  determined  by  this  criterion, 
is  shown  in  Table  VI.  In  this  table  we  have  arranged  the  material 
in  eight  groups  of  ten  day  periods  of  menstrual  age. 

Roughly  three-fourths  of  our  cases  fall  in  Groups  V,  VI  and  VII 
ranging  in  menstrual  age  from  270  to  300  days.  Within  these  limits 
the  relation  between  the  average  body-weight,  average  body-length 
and  menstrual  age  is  quite  constant  as  both  of  these  values  rise  steadily 
with  the  increasing  menstrual  age.  The  percentage  frequency  of  the 
various  centers  of  ossification  studied  also  shows  a  close  correlation 
with  menstrual  age  in  these  groups.  The  only  instance  in  which  the 
frequency  of  ossification  did  not  rise  with  increasing  age  was  in  the 
case  of  the  os  hamatum  in  Groups  VI  and  VII  where  the  cases  in  which 
the  center  was  present  were  less  numerous  in  the  larger  group.  This  is 
probably  a  chance  variation  due  to  the  small  number  of  instances  in 
which  this  center  was  present. 

If,  however,  one  examines  the  entire  series  of  cases  the  constancy 
of  the  relation  of  menstrual  age  to  bodily  development  (length  and 
weight)  and  skeletal  development  is  much  less  evident  and  certain 
striking  exceptions  appear.  This  is  true  of  both  the  younger  and  the 
older  groups  of  children.  In  Group  III  (250  to  260  days)  the  body- 
weight  is  greater  than  in  any  succeeding  group  and  both  the  body- 
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Table  IV 

Fbequency  op  Ossipication  of  the  Inferior  Femoral  Epiphysis,  Superior  Tibial 

Epiphysis,  Os  Cuboideum,  Os  Capitatum  and  Os  Hamatum  in  100 

Newborn  Children  Arranged  According  to  Body-length 


body- 
length 

(CM) 

NUM- 
BER 
OP 
CASES 

FREQUENCY  01 

^  OSSIFICATION  OF: 

SEX 

INFERIOR 

FEMORAL 

EPIPHYSIS 

No.        % 

SUPERIOR 

TIBIAL 
EPIPHYSIS 
No.        % 

OS 
CUBOIDEUM 

No.        % 

OS 

capitatum 

(MAGNUM) 
No.        % 

OS 
HAMATUM 
(UNCI- 
FORM) 
No.        % 

Females 

40  to  44 
44  to  48 
48  to  52 
52  and  over 

2 

5 

27 
11 

1 

5 
27 
11 

(50) 

(100) 
(100) 
(100) 

1 

2 

24 
10 

(50) 
(40) 
(89) 
(91) 

2 

1 

12 
5 

(100) 

(20) 
(44) 
(45) 

0 

1 

4 

1 

(0) 
(20) 
(15) 

(9) 

0 

1 

3 

1 

(0) 
(20) 

(11) 
(9) 

All  females 

45 

44 

(98) 

37 

(82) 

20 

(44) 

6 

(13) 

5 

(11) 

Males 

40  to  44 
44  to  48 
48  to  52 
"52  and  over 

2 

4 
28 
21 

1 

4 

28 

21 

(50) 
(100) 
(100) 
(100) 

0 

2 

23 

17 

(0) 
(50) 
(82) 
(81) 

0 
1 
8 
9 

(0) 
(25) 
(29) 
(43) 

0 

1 
1 
7 

(0) 
(25) 

(4) 
(33) 

0 
0 
0 
3 

(0) 

(0) 

(0) 

(14) 

AU   Males 

55 

54 

(98) 

42 

(76) 

18 

(33) 

9 

(16) 

3 

(6) 

Both 
Sexes 

40  to  44 
44  to  48 
48  to  52 
52  and  over 

4 

9 

55 

32 

2 

9 

35 

32 

(50) 
(100) 
(100) 
(100) 

1 
4 

47 
27 

(25) 
(44) 
(85) 
(84) 

2 

2 

20 

14 

(50) 
(22) 
(36) 
(44) 

0 
2 
5 
8 

(0) 
(22) 

W 
(25) 

0 

1 
3 

4 

(0) 

(1) 

(6) 

(13) 

Ul  Cases 

100 

98 

(98) 

79 

(79) 

38 

(38) 

15 

(15) 

8 

(8) 

Table  V 

Frequency  op  Ossification  op  the  Inferior  Femoral  Epiphysis,  Superior  Tibial 

Epiphysis,  Os  Cuboideum,  Os  Capitatum  and  Os  Hamatum  in  100 

Newborn  Children  Arranged  According  to  Body-weight 


BODY 

WEIGHT 

(KG) 

NUM- 
BER 
OF 

CASES 

FREQUENCY  OF  OSSIPICATION  OF: 

SEX 

INFERIOR 

FEMORAL 

EPIPHYSIS 

No.        % 

SUPERIOR 
TIBIAL 
EPIPHYSIS 
No.        % 

OS 

CUBOIDEUM 

No.        % 

OS 

CAPITATUM 
(MAGNUM) 
No.        % 

OS 
HAMATUM 
(UNCI- 
FORM) 
No.        % 

Females 

2.0- to  2.5 
2.5  to  3.0 
3.0  to  3.5 
3.5  to  4.0 
4.0  *  over 

2 

7 
21 
11 

4 

1 

7 
21 
11 

4 

(50) 
(100) 
(100) 
(100) 
(100) 

0 

4 

18 

11 

4 

.(0) 

(57) 

(86) 

(100) 

(100) 

1 

2 
6 
9 
2 

(50) 
(29) 
(29) 
(82) 
(50) 

0 

1 

2 

1 
2 

(0) 
(14) 
(10) 

(9) 
(50) 

0 
1 

2 

1 
1 

(0) 
(14) 
(10) 

(9) 
(25) 

AU  females 

45 

44 

(98) 

37 

(82) 

20 

(44) 

6 

(13) 

5 

(11) 

Males 

2.0  to  2.5 
2.5  to  3.0 
3.0  to  3.5 
3.5  to  4.0 
4.0  *  over 

4 

4 

21 

20 

6 

55 

3 

4 

21 

20 

6 

(75) 
(100) 
(100) 
(100) 
(100) 

1 

3 
17 
15 

6 

(25) 
(75) 
(81) 
(75) 
(100) 

0 
0 
7 
7 
4 

(0) 

(0) 

(33) 

(40) 

(67) 

0 
0 
7 
3 
4 

(0) 

(0) 

(33) 

(15) 

(67) 

0 
0 
0 
0 
3 

(0) 
(0) 
(0) 
(0) 
(50) 

All  Males 

54 

(98) 

42 

(76) 

18 

(33) 

14 

(25) 

3 

(6) 

2.0  to  2.5 
2.5  to  3.0 
3.0  to  3.5 
3.5  to  4.0 
4.0  A  over 

6 
11 
42 
31 
10 

4 
11 
42 
31 
10 

(67) 
(100) 
(100) 
(100) 
(100) 

1 

7 

35 

26 

10 

(17) 
(64) 
(83) 
(84) 
(100) 

1 

2 

13 

16 

6 

(17) 
(18) 
(31) 
(55) 
(60) 

0 
1 
9 
4 
6 

(0) 

(9) 

(21) 

(13) 

(60) 

0 
1 
2 
1 
4 

(0) 

Both 
Sexes 

(9) 

(5) 

(3) 

(40) 

All   Cases 

100 

98 

(98) 

79 

(79) 

38 

(38) 

20 

(20) 

8 

(8) 

length  and  the  ossification  is  much  further  advanced  than  one  might 
expect  from  the  apparent  duration  of  pregnancy.    In  Group  II  while 
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the  body-length  and  body-weight  are  in  keeping  with  the  supposed 
age  the  ossification  is  much  in  advance  of  it.  On  the  other  hand  the 
body-weight  of  Group  VIII  (300  days  and  over)  is  distinctly  below  the 
average  weight  in  Groups  III,  VI  and  VII  (250  to  260,  280  to  290  and 
290  to  300  days  respectively)  and  corresponds  quite  closely  to  that 
of  Group  V  (270  to  280  days).  The  body-length  corresponds  quite 
closely  to  that  of  Groups  III,  VI  and  VII.  The  frequency  of  the  ossi- 
fication of  the  superior  tibial  epiphysis  and  the  os  cuboideum  is  dis- 
tinctly less  than  in  the  preceding  (and  presumably  younger  group  of 
cases)  although  the  frequency  of  the  ossification  of  the  bones  of  the 
wrist  is  somewhat  greater. 


Table  VIII 

Comparative  Frequency  of  the  Inferior  Femoral  Epiphysis  in  Males  and 
Females  in  Later  Fetal  Life  and  at  Birth 


FEMALES 

males 

BODY-LENGTH 

total 
number 

OF 
CASES 

number 

OF  CASES 

SHOWING 

CENTER 

PER  CENT 

OP  CASES 

SHOWING 

CENTER 

TOTAL 
NUMBER 
OF  CASES 

NUMBER 
OF  CASES 
SHOWING 

CENTER 

PER  CENT 

OF  CASES 

SHOWING 

CENTER 

Group  A 
Males — 40  to  45  em. 
Females — 39  to  44  cm. 

26 

7 

25.9 

25 

4 

16.0 

Group  B 
Males— 45  to  50  cm. 
Females — 44  to  49  cm. 

76 

67 

88.1 

113 

89 

78.7 

Group  C 
Males  50  to  55  cm. 
Females — 49  to  54  cm. 

124 

122 

98.4 

127 

122 

96.0 

Group  D 
Males — 55  cm.  and  over 
Females — 54  cm.  and  over 

5 

5 

100 

13 

13 

100 

Table  IX 

Comparative  Frequency  of  the  Superior  Tibial  Epiphysis  in  Males  and 
Females  in  Later  Fetal  Life  and  at  Birth 


FEMAIiER 

HALES 

. 

total 

NUMBER 

PER  CENT 

NUMBER 

PER  CENT 

body-length 

number 

OF  CASES 

OF  CASES 

TOTAL 

OF  CASES 

OF  CASES 

op 

SHOWING 

SHOWING 

NUMBER 

SHOWING 

SHOWING 

cases 

CENTER 

CENTER 

OF  CASES 

CENTER 

CENTER 

Group  A 
Males — 40  to  45  cm. 

Female»~39  to  44  cm. 

17 

1 

6.0 

23 

0 

0.0 

Group  B 
Males— 45  to  50  cm. 

Females — 44  to  49  cm. 

71 

33 

•  46.5 

100 

37 

37.0 

Group  C 
Malcfr— 50  to  55  cm. 

Females— 49  to  54  cm. 

125 

97 

77.6 

122 

89 

83.0 

Group  D 
Males — 55  cm.  and  over 

Females — 54  cm.  and  over 

4 

4 

100.0 

13 

13 

100.0 
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These  discrepancies  in  body-weight,  body-length  and  in  the  state 
of  the  ossification  centers  in  the  outlying  groups  of  children  when  clas- 
sified by  menstrual  age  seem  to  us  to  indicate  the  great  inaccuracies  in 
determining  the  age  of  apparently  premature  and  postmature  children 
from  the  date  of  the  last  menstruation  alone.  This  error  is  evidently 
twofold,  for  we  find  a  group  of  relatively  mature  children  with  an 
average  menstrual  age  of  nearly  one  lunar  month  (24  dayTj)  less  than 
the  general  average  and  a  group  of  relatively  immature  children  with 
an  average  menstrual  age  nearly  one  lunar  month  (25  days)  above 
the  average  of  all  cases.  While  undoubtedly,  in  certain  instances,  the 
children  of  these  outlying  groups  are  definitely  premature  or  post- 
mature the  majority  of  cases  fall  in  these  groups  because  of  inac- 
curacies in  determining  the  exact  duration  of  prenatal  life  from  the 
menstrual  data.  In  Group  III  in  particular  menstruation  probably 
occurred  after  conception  had  taken  place,  while  in  Group  VIII  a 
menstrual  period  may  have  been  missed  before  conception  occurred. 
This  speculation  would  hold  true  even  if  we  accept  the  modern  opin- 
ion that  a  pregnancy  may  begin  at  any  time  in  the  intermenstrual  pe- 
riod. 

As  previously  stated,  we  believe  that  our  records  of  menstrual  his- 
tory are  quite  accurate  for  they  were  obtained  by  careful  inquiry  from 
intelligent  patients  in  private  practice.  Certainly  they  are  much  more 
prec  ise  than  the  general  type  of  records  secured  in  large  maternities 
accepting  all  classes.  We  feel  that  our  data  add  further  evidence  of 
the  frequent  unreliability  of  menstrual  age,  and  another  argument 
against  the  induction  of  labor  at  a  predetermined  date  based  on  the 
menstrual  history. 

Table  X 

Comparative  Frequency  of  the  Center  of  Ossification  of  the  Citboid  in  Males 
AND  Females  in  Later  Fetal  Life  and  at  Birth 


females 

MALES 

body-length 

total 

number 

of 

GASES 

NUMBEi; 
OF  CASES 
SHOWING 
CENTER 

PER  CENT 
OF  CASES 
SHOWING 
CENTER 

TOTAL 
NUMBER 
OP  CASES 

NUMBER 
OP  CASES 
SHOWING 
CENTER 

PER  CENT 
OF  CASES 
SHOWING 
CENTER 

Group  A 
Males — 40  to  45  cm. 
Females^39  to  44  em. 

12 

2 

16.7 

17 

0 

0 

Group  B 
Males — 45  to  50  cm. 
Females — 44  to  49  cm. 

33 

.5 

15.1 

31 

4 

13 

Group  C 
Males — 50  to  55  cm. 
Females — 49  to  54  cm. 

77 
5 

29 

37.7 

54 

IS 

33 

Group  D 
Males — 55  cm.  and  over 
Females — 54  cm.  and  ovei 

1 

20.0 

5 

5 

100 
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RELATION  OP  OSSIFICATION  TO  SEX 

It  is  well  known  that  in  postnatal  life  the  development  of  the  skele- 
ton proceeds  at  a  more  rapid  rate  and  is  completed  sooner  in  females 
than  in  males.  This  has  been  brought  out  particularly  clearly  by 
Pry  or 's  studies  on  carpal  ossification  where  it  was  found  that  certain 
of  the  bones  which  appear  rather  late  in  childhood  may  be  present 
a  year  or  more  earlier  in  the  female  than  in  the  male.  Apparently 
no  study  has  been  made  to  determine  whether  this  precosity  in  de- 
velopment of  the  female  exists  in  the  intrauterine  life.  We  have  made 
an  attempt  to  analyze  our  material  from  the  standpoint  of  sex  by 


Table  XI 

Ck)MPARATrv'E  Frequency  of  the  Ossification  op  the  Centers  of  the  Wrist, 
Knee  and  Ankle  in  First-born  and  Later  Children  at  Birth 


MALES 

FEMALES 

BOTH 

(52) 

(43) 

SEXES 

first- 

LATER 

FIRST- 

LATER 

center 

born 

CHILDREN 

BORN 

CHILDREN 

FIRST- 

LATER 

(39) 

(13) 

(25) 

(18) 

BORN 

CHILDREN 

PER 

PER 

PER 

PER 

(64) 

(31) 

NO.    CENT 

NO.     CENT 

NO.    CENT 

NO.    CENT 

PER  CENT 

PER  CENT 

Inferior    femoral 

epiphysis 

38       97.4 

13      100 

25      100 

18      100 

98.4 

100 

Superior  tibial  epiphysis 

33       84.6 

8      61.5 

19       76.0 

17       94.4 

81.2 

80.6 

Cuboid 

11       28.2 

4      30.7 

12      48.0 

7       38.9 

35.9 

35.5 

Os  eapitatum 

4       10.2 

4       30.7 

5       20.0 

1         5.6 

14.0 

16.1 

Os  hamatum 

2         5.1 

0         0 

4       16.0 

1         5.6 

9.4 

3.2 

Table  XII 

Table  Showing  the  Relative  Percentage  Presence  and  Absence  Frequency  of 

THE  Ossification  of  the  Superior  Tibial  Epiphysis,  Inferior 

Femoral  Epiphysis,  Os  Cuboideum,  Os  Capitatum, 

AND  Os  Hamatum  in  100  Newborn  Children 
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h' 

03 

02 

03 

OQ 

D 

tJ 

L) 

^ 

O 

O 

o 

O 

O 

o 

03 

Os  capitatum  present 
Os  eapitatum  absent 
Cuboid  present 
Cuboid  absent 
Sup.  tibial  epi.  present 
Sup.  tibial  epi.  absent 
Int.  femoral  epi.  present 
Int.  femoral  epi  absent 


9 

•    6 

0 

85 

9 

29 

13 

25 

0 

62 

2 

60 

9 

72 

15 

66 

36 

45 

0 

19 

0 

19 

2 

17 

9 

89 

15 

83 

37 

61 

81 

0 

2 

0 

2 

1 

1 

0 

17 
2 
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grouping  it  in  tables  arranged  on  the  basis  of  period  of  gestation  as 
determined  from  the  last  menstruation,  and  on  body-length.  On  the 
last  basis  we  have  also  made  a  combined  table  including  all  the 
data  of  this  kind  available  to  us  from  the  literature. 

Due  to  the  sources  of  error  in  calculating  the  length  of  gestation 
which  have  been  pointed  out  in  a  preceding  paragraph  the  analysis  of 
sex  differences  in  ossification  based  upon  the  menstrual  age  gives  in- 
conclusive results  and  on  this  basis  alone  no  definite  and  consistent 
differences  in  sex  could  be  determined. 

The  sexual  diflferences  in  the  frequency  of  ossification  in  material 
arranged  according  to  body-length  are  shown  in  Tables  VII,  VIII,  IX 
and  X.  Table  VII  shows  that  when  specimens  of  the  two  sexes  are 
arranged  in  groups  of  equal  body-length  the  frequency  of  ossification 
of  the  various  centers  is  distinctly  greater  in  the  females  of  all  groups 
under  55  cm.  than  in  males.  It  should  be  remembered,  however,  that 
newborn  females  average  approximately  1  cm.  less  in  total  body- 
length  than  males  and  that  therefore  late  female  fetuses  having  the 
same  length  as  males  may  be  somewhat  more  mature.  In  Tables  VIII, 
IX  and  X  we  have  attempted  to  allow  for  this  diflference  by  making  the 
range  of  body-length  of  the  females  1  cm.  lower  in  each  group  than  the 
range  of  the  males  of  the  same  group.  If  these  tables  are  examined 
it  will  be  noted  that  even  with  this  correction  the  percentage  frequency 
of  ossification  in  the  females  is  greater  in  the  majority  of  instances 
than  in  males  of  the  corresponding  group.  This  higher  percentage  of 
ossification  of  the  females  is  particularly  noticeable  in  the  shorter  and 
younger  groups  and  in  those  centers  which  are  not  ossified  in  all  cases 
at  birth. 

RELATION  OF  OSSIFICATION  TO  PABITY 

It  is  well  known  that  both  the  average  weight  and  the  average  total 
length  of  the  newborn  of  multiparse  is  somewhat  greater  than  that 
of  first-born  children  and  this  difference  has  been  attributed  to  a  sup- 
posed greater  length  of  the  prenatal  period  in  the  former.  A  priori 
one  might  expect  to  find  this  greater  general  development  and  (sup- 
posed) greater  maturity  accompanied  by  a  more  advanced  skeletal 
development.  Pryor  (1908),  however,  in  his  studies  on  the  postnatal 
ossification  of  the  wrist,  found  that  carpal  ossification  was  more  ad- 
vanced in  first-born  than  in  subsequent  children.  We  are  certain  of 
the  parity  of  95  of  our  cases  of  which  64  were  primiparae  and  31  were 
multiparsB.  The  comparative  frequency  of  the  ossification  centers  in 
these  two  groups  is  shown  in  Table  XI  below.  As  will  be  seen  from 
the  examination  of  this  table  there  are  no  consistent  differences  between 
the  two  classes  with  the  exception  of  the  os  hamatum  which  was 
present  in  9.4  per  cent  of  the  first  born  and  only  3.2  per  cent  of  the 
later  born,  and  the  small  number  of  cases  in  which  the  os  hamatum 
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occurs  makes  the  significance  of  this  difference  quite  open  to  question. 
In  the  latter  47.1  per  cent  of  the  greatest  possible  number  of 
centers  were  present  and  in  the  former  47.8  per  cent.  While  the 
absolute  degree  of  ossification  is  practically  the  same  in  the  two  classes, 
it  may  be  suggested  that  if  the  supposition  is  correct  that  children  of 
multiparae  have  a  longer  period  of  gestation  on  the  average  than  the 
children  of  primiparaB,  then  ossification  is  relatively  more  advanced  in 
the  latter  class.  This  supposition  would  be  in  accord  with  the  observa- 
tions of  Pryor  cited  above. 

VARIATIONS  AND  IRREGULARITIES  IN  OSSIFICATION 

Taken  as  a  whole,  ossification  was  extremely  regular  in  our  ma- 
terial. This  falls  in  line  with  the  experience  of  Pryor  (1908)  who  has 
emphasized  the  regularity  of  postnatal  ossification  in  the  carpus,  and 
with  the  findings  of  Pozier  (1912)  regarding  the  natal  ossification  of 


Finr.  6. — Tracing  of  a  radiogram  of  the  lower  extremities  of  a  male  newborn  of  309  days' 
gestation,  having  a  birth  weight  of  5060  grams  and  a  total  length  of  55  cm.  Three  centers  for 
the  cuboid  on  either  side. 

the  knee.  The  most  variable  of  the  bones  studied  was  the  cuboid.  This 
bone  is  generally  described  as  ossifying  from  2  to  3  centers.  Hassel- 
wander  (1909),  who  has  made  the  most  complete  study  of  the  ossifi- 
cation of  the  cuboid,  found  a  single  center  24  times  in  47  cases,  a  double 
center  19  times  (in  which  a  possible  third  was  indicated  4  times),  and 
3  definite  centers  in  4  cases.  In  our  material  the  number  of  centers 
was  much  more  variable,  there  being  several  cases  in  which  4  or  5  centers 
were  present,  and  one  instance  in  which  7  ossific  granules  could  be 
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recognized.  In  the  young  bone  the  centers  appear  in  the  radiograph 
as  a  small  cluster  of  minute  particles,  and  the  irregular  form  of  this 
center  in  older  specimens  indicates  the  fusion  of  these  masses  which 
were  originally  discrete.  Quite  commonly  two  or  three  large  centers 
may  be  observed  for  some  time  after  ossification  has  been  in  progress, 
and  often  the  bone  has  a  bifid  form  in  the  radiograph.  These  peculiari- 
ties are  illustrated  in  Pigs.  6  to  14.  We  found  not  only  the  greatest 
irregularity  in  the  number  and  shape  of  the  centers  in  diflferent  speci- 
mens but  also  on  the  diflferent  sides  of  the  same  specimen.  Examples 
of  this  asymmetry  are  shown  in  Pigs.  7  and  8. 


Fig.  7. — Tracing  of  a  radiogram  of  the  lower 
extremities  of  a  female  newborn  of  277  days* 
gestation,  having  a  birth  weight  of  2710  grams 
and  a  total  length  of  46  cm.  Four  centers  of 
ossification  in  the  right  cuboid,  5  in  the  left. 


Fig.  8. — Tracing  of  a  radiogram  of  the  lower 
extremities  of  a  female  newborn  of  294  days' 
gestation,  having  a  birth  weight  of  3525  grams 
and  a  total  len^h  of  51  cm.  One  large  cuboid 
center  on  the  right  and  3  centers  of  the  cuboid 
on  the  left  ankle.  Knee  centers  small  for  a 
newborn  child  of  this  degree  of  development 


The  OS  capitatum  also  showed  some  bilateral  irregularity.  It  was 
present  in  three  instances  on  the  right  side  only  and  in  three  instances  on 
the  left  side  only.  This  disagrees  with  Pryor's  finding  that  the  ossi- 
fication of  the  wrist  is  always  symmetrical.  The  os  capitatum  was 
double  in  two  cases  and  in  one  case  it  was  bifid. 

Table  XII  is  arranged  to  show  definitely  the  percentages  of  presence 
and  absence  of  the  diflferent  ossific  centers  and  to  visualize  the  occurrence 
and  nonoccurrence  of  each  of  the  centers  in  relation  to  the  others  in  the 
series.    This  table  shows  that  the  inferior  femoral  center  was  the  one  most 
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FiK.  9. — Tracing  of  a  radiogram  of  the  lower  extremities  of  a  female  newborn  of  289  days* 
gestation,  having  a  birth  weight  of  4155  grams  and  a  total  length  of  51.5  cm.  Large  bifed  cen- 
ters of  the  cuboid  on  both  sides. 


Fig.  10. — Tracing  of  a  radiogram  of  the  lower  extremities  of  male  infant  of  267  days*  gesta- 
tion, having  a  birth  weight  of  4225  grams  and  a  total  length  of  55  cm.  Large  single  center  of 
the  cuboid  of  both  sides. 
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Fig.  11. — Tracing  of  a  radiogram  of  the  lower 
extremities  of  a  female  newborn  of  281  days'  ges- 
tation, having  a  birth  weight  of  2185  grams  and 
a  total  length  of  43  cm.  No  knee  centers,  but 
cuboid  centers  on  either  side  despite  a  low  body 
weight  and  body  length. 


Fig.  12. — Tracing  of  a  radiogram  of  the 
right  leg  of  a  male  newborn  of  265  days' 
gestation,  having  a  birth  weight  of  3035 
grams  and  a  total  length  of  51  cm.  No 
superior  tibial  center  but  a  large  single 
cuboid  center. 


Fig.  13. — Tracing  of  a  Radiogram  of  the  right 
leg  of  a  male  newborn  of  285  days'  gestation, 
having  a  birth  weight  of  4295  grams  and  a 
total  length  of  55  cm.  Newborn  of  unusually 
large  dimensions  with  relatively  small  knee  cen- 
ters but   highly  developed  bifid  cuboid  center. 


Fig.  14. — Tracing  of  a  radiogram  of  the  right 
leg  of  a  female  newborn  of  292  days'  gestation, 
having  a  birth  weight  of  4110  grams  and  a 
total  length  of  51.5  cm.  Specimen  of  great 
weight  with  advanced  development  of  knee  and 
cuboid  centers,  the  latter  being  double. 
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constantly  present,  being  found  in  98  of  the  100  cases.  The  other 
centers  were  present  with  varying  frequency  in  association  with  the  in- 
ferior femoral,  as  follows:  Superior  tibial  in  81;  cuboid  in  37;  os 
capitatum  in  15  and  os  hamatum  in  9  of  the  98  cases  in  which  the  in- 
ferior femoral  was  present.  These  same  centers  were  absent  in  a  con- 
siderable number  of  those  cases  in  which  the  inferior  femoral  was 
present,  as  may  be  seen  from  the  following  figures:  the  superior  tibial 
was  absent  in  17,  the  cuboid  in  61,  the  os  capitatum  in  83,  and  the  os 
hamatum  in  89  of  the  98  instances  in  which  the  inferior  femoral  was 
present.  With  the  exception  of  the  occurrence  of  the  cuboid  in  one 
case  the  other  centers  were  uniformly  absent  when  the  inferior  femoral 
epiphysis  was  not  ossified. 


Fig.  15. — Tracing  of  a  radiogram  of  the  right 
leg  of  a  female  newborn  of  312  days*  gestation, 
having  a  birth  weight  of  3090  grams  and  a 
total  length  of  48  cm. 


Fig.  16. — Tracing  of  a  radiogram  of  the  left 
leg  of  a  male  newborn  of  287  days*  gestation, 
having  a  birth  weight  of  3600  grams  and  a 
total  length  of  53.5  cm.  A  specimen  of  more 
than  the  usual  newborn  dimensions  with  no 
ossification  of  the  cuboid  or  superior  tibial 
epiphysis. 


The  superior  tibial  center  was  present  in  81  cases  in  which  the  in- 
ferior femoral  was  constantly  present,  and  the  cuboid,  capitatum  and 
hamatum  occurred  36,  15,  and  9  times  respectively.  This  center  was 
absent  in  19  cases  of  the  series.  In  these  the  inferior  femoral  occurred 
in  17  and  the  cuboid  in  only  2,  and  no  wrist  centers  were  present.  The 
presence  of  the  cuboid  in  the  absence  of  the  superior  tibial  epiphysis 
may  be  regarded  as  quite  unusual. 

The  cuboid  center  appeared  38  times.  In  these  the  centers  of  the  infe- 
rior femoral,  superior  tibial,  os  capitatum  and  os  hamatum  were  present 
in  the  following  number  of  cases :  37,  36,  13,  9.    It  was  never  the  only 
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center  present  but  was  one  of  only  two  centers  in  one  instance. 
The  cuboid  was  absent  from  62  cases  and  in  these  the  inferior 
femoral  was  present  in  65,  the  superior  tibial  in  45,  the  capitatum  in 
2  while  the  hamatum  was  always  absent.  The  inferior  femoral  was 
absent  in  1,  the  superior  tibial  in  17,  the  capitatum  in  60  and  the  hama- 
tum in  all  of  the  instances  (62)  where  the  cuboid  was  absent. 


Fig.  17. 


Fig.  18. 


Fig.  19. 


Fig.  20. 


Fig.  21. 


Fiij    17 Tracing  of  a  radiogram  of  the  wrist  of  a  female   newborn  of   287   days'   gestation 

having  a  birth  weight  of  3390  grams  and  a  total  length  of  53  cm.  Os  capitatum  and  os  hamatum 
present. 

Fig.  18. — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  male  newborn  of  309  days* 
gestation,  having  a  birth  weight  of  5060  grams  and  a  total  length  of  55  cm.  An  unusually  large 
child  with  the  centers  for  the  os  capitatum  and  os  hamatum  highly  developed. 

Fijf.  19, — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  female  newborn  of  277  days* 
gestation,  having  a  birth  weight  of  2710  grams  and  a  total  length  of  46  cm.  Os  hamatum  and  os 
capitatum. 

Fig.  20. — Tracing  of  a  radiogram  of  the  wrist  of  a  female  newborn  of  312  days*  gestation, 
having  a  birth  weight  of  3090  grams  and  a  total  length  of  48  cm.  A  small  child  with  large  os 
hamatum  and   (double)   os  capitatum. 

Fig.  21. — Tracing  of  a  radiogram  of  the  wrist  of  a  female  newborn  of  289  days*  gestation, 
having  a  birth  weight  of  4165  grams  and  a  total  length  of  51.5  cm.     Os  capitatum  alone  present. 

Fig.  22. — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  male  newborn  of  285  days' 
gestation,  having  a  birth  weight  of  4295  grams  and  a  total  length  of  55  cm.  Os  hamatum  and  os 
capitatum. 
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The  center  of  the  os  capitatum  was  in  evidence  in  15  cases,  in  all 
of  which  the  inferior  femoral  and  the  superior  tibial  centers  were 
present.  The  cuboid  appeared  in  12  and  the  hamatum  in  9  of  the 
cases.  All  of  the  other  centers  were  present  in  all  of  these  instances.  The 
OS  capitatum  was  seen  in  no  case  when  the  inferior  femoral  or  superior 
tibial  were  absent  but  its  presence  was  noted  twice  in  the  absence 
of  the  cuboid  (which  may  be  considered  as  somewhat  anomalous)  and 
it  was  present  in  6  instances  where  the  hamatum  was  absent. 


Fig.  23. 


Fig.  24. 


Fig.  25. 


Fie.  23. — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  female  newborn  of  281  days' 
gestation,  having  a  birth  weight  of  3950  grams  and. a  total  length  of  49  cm.  Usually  large  cen- 
ters of  the  OS  hamatum  and  os  capitatum. 

Fig.  24. — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  female  newborn  of  292  days' 
gestation,  having  a  birth  weight  of  4110  grams  and  a  total  length  of  51.5  cm.  Large  os  hamatum 
and  09  capitatum. 

Fig.  25. — Tracing  of  a  radiogram  of  the  wrist  and  forearm  of  a  male  newborn  of  267  days' 
gestation,  having  a  birth  weight  of  4225  grams  and  a  total  length  of  55  cm.  Os  hamatum  and 
(double)    OS  capitatum. 

The  OS  hamatum  was  demonstrable  in  9  of  our  series  of  cases.  All 
of  the  other  centers  were  present  in  every  one  of  these.  It  was  absent 
in  91  cases,  the  inferior  femoral  center  was  present  in  all  of  these, 
the  superior  tibial  in  81,  the  cuboid  in  38  and  the  capitatum  in  15. 


SUMMARY 

1.  The  inferior  femoral  epiphysis,  judging  from  all  available  data, 
is  present  in  about  1  case  in  20  in  the  eighth  fetal  month,  in  1  case 
in  3  in  the  ninth  month,  in  6  cases  in  7  in  the  tenth  month,  and  in 
about  19  cases  in  20  at  birth  (full-term  infants).  If  not  present  at  birth, 
the  center  appears  before  the  close  of  the  first  postnatal  month.  In  our 
own  series  the  center  was  present  in  98  per  cent  of  all  newborn  chil- 
dren. 

2.  The  superior  tibial  epiphysis,  judging  from  all  available  material, 
is  almost  never  present  before  the  ninth  fetal  month.  It  is  found  in 
1  case  in  17  in  the  ninth  month,  about  2  cases  in  5  in  Ihe  tenth  month 
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and  in  about  seven-eights  of  all  full-term  newborn  children.    It  was 
present  in  81  per  cent  of  the  cases  in  our  series. 

3.  The  cuboid,  according  to  all  available  data,  first  appears  at  about 
the  beginning  of  the  ninth  fetal  month.    It  is  present,  on  the  average, 
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FiK.  26.— Graphs  illustrating  the  frequency  of  ossification  of  the  inferior  femoral  epiphysis, 
the  superior  tibial  epiphysis  and  the  os  cuboideum  in  later  fetal  life.  Abscissae,  age.  Urdinates, 
frequency  of  ossification  in  per  cent.     (Based  on  the  material  presented  in  Tables  1,  11,  ana  in.; 
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in  about  1  case  in  25  in  the  ninth  month,  in  about  1  case  in  4  in  the 
tenth  month,  and  in  about  3  cases  in  5  in  full-term  newborn  children. 
In  our  own  series  the  center  was  present  in  a  much  smaller  per  cent 
of  all  cases  than  is  reported  by  other  investigators  (38  per  cent). 

4.  Two  carpal  ossification  centers,  those  of  the  os  capitatum  (os 
magnum)  and  of  the  os  hamatum  (unciform),  may  be  present  in  the 
newborn.  In  our  series  the  os  capitatum  was  present  in  15  per'  cent 
and  the  os  hamatum  in  9  per  cent  of  all  cases. 

5.  There  is  a  close  relation  between  total  body-length  and  frequency 
of  ossification  of  the  several  centers  discussed  in  this  paper.  A  simi- 
lar, but  less  close,  correlation  exists  between  frequency  of  ossification 
and  the  body-weight. 

6.  In  our  material  the  correlation  of  body-weight,  total  body-length 
and  frequency  of  ossification  with  menstrual  age  was  quite  close  for 
the  middle  members  of  the  series  ranging  in  menstrual  age  from 
270  to  300  days.  But  the  outlying  cases  (having  a  menstrual  age  of 
less  than  270  or  more  than  300  days)  show  little  relation  between 
these  measures  of  bodily  development  and  age  as  determined  from  the 
menstrual  history. 

7.  Our  evidence  points  to  the  conclusion  that  ossification  proceeds 
slightly  more  rapidly  in  females  than  in  males  during  intrauterine 
life  even  though  the  weight  and  dimensions  of  the  females  are  less 
than  those  of  the  males. 

8.  Our  observations  show  no  direct  evidence  of  any  relation  between 
parity  and  the  rate  of  ossification  in  intrauterine  life. 

9.  Variations  in  the  number  of  ossification  centers  present  for  in- 
dividual bones  were  limited  to  the  os  capitatum  and  os  cuboideum.  The 
latter  is  formed  from  an  extremely  variable  number  of  centers.  When 
anomalies  in  the  number  of  centers  are  present  they  are  often  asymme- 
trical. 

10.  Variations  in  the  order  of  appearance  of  centers  were  decidedly 
unusual  in  our  material,  being  confined  to  premature  ossification  of  the 
OS  cuboideum  (2  cases)  and  of  the  premature  ossification  os  capitatum 
(2  cases). 

11.  The  usual  ord^r  of  appearance  of  the  centers  under  consideration 
is  as  follows:  (a)  Inferior  femoral  epiphysis;  (b)  Superior  tibial 
epiphysis;  (c)  Cuboid;  (d)  Os  capitatum;  (e)  Os  hamatum. 

LITERATURE 

Barkow,  H.  C.  L.:  t^ber  das  Vorkommen  von  Knochenkernen  in  den  knorplipen 
Epiphjse  der  Ian  gen  Knochen  mit  Beziehun^ir  auf  Wurdigung  der  Lebensfahigkeit 
deraelben  in  forensischen  Verhandlungen.  Vierteljahrsschr.  f.  gerichtl.  Med.,  1872, 
xvi.  BMard,  P.:  Nouveau  Jour,  de  M6d.,  Chir.  et  Pharm.,  1819,  iv,  p.  107  et  seq. 
Bohm :  Ueber  die  f  orensische  Bedeutung  des  Knochenkerns  in  der  unteren  Epiphyse 
des  Obersehenkels  der  Neugeborenen.  Vierteljahrsschr.  f.  gerichtl.  Med.,  1858,  xiv. 
Brice,  T.  H.:  Quain's  Elements  of  Anatomy,  1915,  vol.  iv,  Pt.  I  (Eleventh  Ed.), 
London.  Casper,  J.  L.:  Praktisches  Handbuch  der  gerichtlichen  Medicin,  IS.IG. 
(New  Sydenham  Society's  Translation  of  1869  consulted.)     Corrado,  G.:     Dc'  prin- 

27 

Digitized  by  VjOOQ IC 


cipiili  nuclei  di  ossificazione  che  possono  rinvenirsi  all'  epoca  della  nascita.  L'Ano- 
malo,  1891,  iii,  231  to  244.  Cory,  R. :  Notes  on  the  Examination  of  the  Bodies  of 
Fifty  Children  Born  Dead  or  Shortly  Dying.  St.  Thomas's  Hosp.  Rep.  (1877),  N. 
S.,  1878,  viii,  61  to  74.  Notes  on  the  Examination  of  the  Bodies  of  Fifty  Children 
Born  Dead  or  Shortly  Dying.  (Second  series.)  St.  Thomas's  Hosp.  Rep.  (1879),  N. 
S.,  1880,  X,  263  to  276.  Notes  on  the  Examination  of  the  Bodies  of  Fifty-eight  Chil- 
dren Born  Dead  or  Shortly  Dying.  (Third  series.)  St.  Thomas's  Hosp.  Rep.,  N. 
S.,  1S97,  xxiv,  131  to  150.  Debierre,  C:  Contribution  k  r6tude  de  ^ossification  et 
de  I'homotypie  des  pieces  du  carpe  et  du  tarse  chez  Thomme.  Journ.  de  PAnat.  et 
de  la  Physiol.,  1886,  xxii.  Frcymond,  P.  L.  A.:  Etude  sur  rossification  des  os  du 
pied,  f aite  d  'apr^s  la  radiographic.  Th^se,  Bordeaux,  1910.  Filomusi-Gullfi,  G. :  Sul 
nucleo  epifisario  femorale.  Boll.  Soc.  med.  chir.  Pa  via,  1889,  No.  2,  25  to  27.  Fu- 
jinami,  K. :  Ueber  die  Ossifikation  der  Handwurzelknochen.  Fortschr.  a.  d.  Geb. 
Rontgenstr.,  1911,  xvii,  311  to  318.  Graham:  The  Center  of  Ossification  in  the 
Lower  Femoral  Epiphysis  in  Relation  to  Forensic  Medicine.  Diss.  Berlin,  1886. 
Guichard,  A.:  De  la  valeur  medieo-legale  du  point  de  B6clard,  point  d 'ossification 
de  I'extremit^  inferieur  du  femur.  Th^ao,  Lyon,  1905,  83  pp.  Hahn,  H.:  Rontgen- 
ographische  Untersuchungen  iiber  das  Vcrhalten  der  Epiphysen  der  Unterschenkel- 
knochen  wahrend  des  Wachstums.  Festschr.  70.  Geburtsh.  C.  v.  Kuppfer,  1899,  iii, 
731.  Hartmann,  G. :  Beitriige  zur  Osteologie  der  Neugeborenen.  Piss.  Tubingen, 
37  pp.  1869.  Hasselwander,  A.:  Untersuchungen  iiber  die  Ossification  des  men- 
schlichen  Fussskelets.  Zeitschr.  f.  Morphol.  u.  Anthropol.,  1909,  xii,  1  to  140.  Hassen- 
stcin,  W.:  Zur  Reifebestimmung  des  Foetus  aus  dem  Knoehenkern  der  Oberschen- 
kelcpiphyses.  Zeitschr.  f.  Mcdizinalbeamte,  1892,  v,  129  to  132.  Heimann,  A.  und 
Potpeschnigg,  K.:  Cber  die  Ossification  der  kindlichen  Hand.  Jahrb.  f.  Kinderheilk., 
1907,  Ixv,  437  to  456.  Hess,  J.  H.:  The  diagnosis  of  the  age  of  the  fetus  by  the 
use  of  roentgenograms.  Am.  Jour.  Dis.  Cliild.,  1917,  xiv,  397  to  423.  Kjolseth,  M.: 
Untersuchungen  uber  die  Reifezeichen  des  neugeborenen  Kindes.  Monatschr.  f. 
Geburtsh.  u.  Gynak.,  1913,  xxxviii,  (Erganzungsh.),  216  to  298.  Leopold,  G.  and 
Leisewitz,  T.:  Gcburtshilflicher  Rontgen- Atlas.  Dresden,  1909.  Long,  E.  and  Cald- 
well, E.  W. :  Some  Investigations  Concerning  the  Relation  Between  Carpal  Ossifi- 
cation and  Physical  and  Mental  Development.  Am.  Jour.  Dis.  Child.,  1911,  i,  111  to 
138.  Milduer,  E. :  Ueber  die  Beniitzung  des  Knochenkernes  in  der  unteren  Epiphyse 
des  Schenkelbeins  zu  gerichtsarztlichen  Zwecken.  Vierteljahrsschr.  f.  prakt.  Heilk., 
1850,  vii,  39  to  44.  Nicolai,  J.  A.  H.;  Beschreibung  der  Knochen  des  menschlichen 
Foetus.  Regensberg,  70  pp.  1829.  Nomballais,  J.  M.  E.:  Contribution  k  I'^tude  de 
1  'ossification  des  os  du  carpe  d  'apres  la  radiographie.  Thfese,  Bordeaux,  36  pp.  1909. 
Olivier,  C.  P.:  Annales  d 'Hygiene  publique,  xxviii,  342.  Pleissner,  H. :  Nonnulla 
de  ossificatione  in  femoris  inferiore  epiphyse.  Diss.  Lipsiae,  22  pp.  1861.  Pozier,  J. : 
Etude  radiographique  de  1 'ossification  du  genou  chez  le  nouveau-n6.  Thdse,  Paris. 
1912.  Pryor,  J.  W. :  The  chronology  and  order  of  ossification  of  the  bones  of  the 
human  carpus.  Bull,  of  the  State  Univ.,  Lexington,  Ky.,  1908.  Puyhaubert,  A. :  Rech- 
erchcs  sur  1 'ossification  des  os  des  membres  chez  I'homme.  Journ.  de  I'Anat.  et 
I*hysiol.,  1913,  xlix,  224  to  268.  Rambaud  et  Renault :  Origine  et  d^veloppement  des 
OS.  Paris,  1864.  Rotch,  T.  M. :  A  Study  of  the  Development  of  the  Bones  in  Chil- 
liood  by  the  Roentgen  Method,  with  the  View  of  Establishing  a  Development  Index 
for  the  Grading  of  and  the  Protection  of  Early  Life.  Trans.  Am.  Physicians,  1909. 
Rotch,  T.  M.:  A  Comparison  in  Boys  and  Girls  of  the  Same  Height,  Weight  and 
Epiphyseal  Development.  Arch.  Pediat.,  1910,  xxvi,  567  to  569.  Sappey,  M.  P.  C: 
Trait6  d'anatomie  descriptive.  (Ed.  2),  T.  I.  1867.  Tamassia,  A.:  Sul  centro 
d ^ossificazione  dell'epifisi  inferiore  del  femore,  dell'  astragalo  e  del  calcagno.  Atti 
R.  Inst.  Veneto  di  SSci.  Lett,  ed  Arti,  1893,  7  ser.,  iv,  815  \o  828.  Toldt,  C:  Die  * 
Knochen  in  gerichtsarztlicher  Beziehung.  In:  Maschka:  Handb.  d.  gerichtL  Med., 
Bd.  iii,  483  to  585,  1882. 


28 

Digitized  by  VjOOQ4C 


Digitized  by  VjOOQ IC 


THE  EFFECTS  OF  INANITION  IN  THE  PREGNANT 

ALBINO   RAT,   WITH   SPECIAL   REFERENCE   TO 

THE  CHANGES  IN  THE  RELATIVE  WEIGHTS 

OF  THE  VARIOUS  PARTS,  SYSTEMS,  AND 

ORGANS  OF  THE  OFFSPRING* 

LEE   W.   BARRY 

That  a  restriction  of  the  diet  of  the  mother  during  pregnancy 
usually  results  in  a  decrease  in  the  weight  of  the  offspring  has  long 
been  known.  Prochownick  (1899,  1901)  obtained  a  marked  reduction 
in  the  weight  of  the  human  newborn  by  a  restriction  of  the  mother's 
diet  during  the  last  weeks  of  pregnancy.  Rudolski  (1893)  starved 
rabbits  and  a  dog  during  pregnancy  and  noted  a  reduction  in  the  size 
of  the  offspring.  Paton  (1903)  underfed  pregnant  guinea-pigs  and 
obtained  a  marked  reduction  in  the  weight  of  the  young.  Reeb  (1905) 
underfed  rabbits  and  dogs  during  pregnancy  and  obtained  young 
greatly  reduced  in  weight.  However,  none  made  observations  on  the 
changes  in  the  relative  weights  of  the  various  organs,  systems,  and 
parts  of  the  newborn  which  might  occur  during  inanition  of  the  preg- 
nant mother.  The  main  object  of  this  investigation,  therefore,  is  to 
show  the  effect  of  inanition  in  the  pregnant  albino  rat  on  the  changes  in 
the  relative  weights  of  the  various  systems,  organs,  and  parts  of  her 
newborn.  Observations  were  made  also  on  the  possibility  of  blighting 
of  the  ovum,  death  of  the  fetus  in  utero,  prolongation  of  gestation, 
abortions,  and  premature  deliveries  during  inanition  of  the  mother. 

MATERIALS   AND   METHODS 

For  the  present  investigations,  two  series  of  adult  female  rats 
[^Mus  norvegicus  albinus)  were  used  for  inanition  during  pregnancy. 
Those  in  series  A  are  adult  females  from  the  colony  at  the  Institute  of 

*  Abridgment  of  thesis  submitted  to  the  Faculty  of  the  Graduate  School  of  the 
University  of  Minnesota  in  partial  fulfillment  of  the  requirements  for  the  degree  of 
Doctor  of  Philosophy  in  Obstetrics  and  Gynecology,  1919. 

This  thesis  is  published  as  Contributions  to  Embryology,  No.  53  (1920,  91-136), 
The  Carnegie  Institute  of  Washington,  Washington,  D.  C.  The  tables  are  herewith 
omitted. 
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Anatomy,  which  were  kindly  given  over  to  my  use  by  Dr.  CM. 
Jackson;  Series  B  consists  of  adult  females  from  several  sources.  A 
few  were  reared  from  normal  litters  in  Series  A;  some  were  purchased 
from  a  local  animal  dealer,  and  others  were  obtained  from  the  depart- 
ments of  physiology  and  psychology  of  the  University .  Unfortunately, 
however,  the  exact  age  of  very  few  of  the  females  was  known. 

Breeding. — Since  the  influence  of  inanition  on  the  length  of  gestation 
was  to  be  noted,  and  in  order  to  exclude  the  possibility  of  some  of  the 
small  rats  being  the  result  of  premature  birth,  it  was  very  important 
to  know  the  approximate  date  of  copulation. 

Three  methods  were  used: 

1.  Kirkham  and  Burr  (1913)  have  shown  that  the  female  albino 
rat  usually  ovulates  within  twenty  to  forty-eight  hours  after  the  birth 
of  a  litter,  and  impregnation  occurs  one  to  four  days  after  the  casting 
of  a  litter.  A  few  of  my  females  became  pregnant  by  this  method,  the 
males  being  left  with  the  mother  during  the  second  night  following 
delivery.  This  method  was  abandoned,  however,  since  out  of  a  very 
large  number  of  females  delivering  only  a  few  became  pregnant. 

2.  The  second  method  was  to  place  several  males  alone  in  small 
wire  cages  and  once  each  day  the  different  females  were  placed  with  the 
males.  If  the  female  was  in  heat,  copulation  usually  took  place  at 
once.  The  female  was  not  removed  at  once,  but  was  left  with  the  male 
for  a  period  varying  from  fifteen  minutes  to  one  hour.  If  not  in  heat, 
the  female  usually  resented  the  advances  of  the  male,  in  which  case  she 
was  removed  and  replaced  by  another  female.  After  successful 
pairing  with  the  male,  the  female  was  weighed.  Her  weight,  together 
with  her  number,  was  recorded,  and  she  was  placed  in  a  cage  with  other 
females  that  had  paired.  It  was  found  better  to  place  the  female  in 
with  the  male,  because  when  the  process  was  reversed  the  male, 
suddenly  finding  himself  thrust  into  a  strange  cage,  paid  very  scant 
attention  to  the  female,  but  would  spend  all  his  time  attempting  to 
escape  from  the  cage.  The  majority  of  the  females  were  paired  by  this 
method. 

3.  The  third  method  employed  consisted  in  placing  several  males  in 
a  cage  with  a  number  of  females.  They  were  left  together  constantly 
and  inspected  at  intervals  of  six  hours  during  the  day  and  once,  in  the 
evening.  When  a  female  in  the  cage  became  in  heat,  the  males  would 
copulate  with  her  with  such  frequency  that  in  a  short  time  the  vagina 
became  distended,  reddened,  and  at  times  bled  slightly.     After  a 
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little  experience,  the  females  that  have  copulated  may  be  distinguished 
by  the  distended,  reddened,  and  at  times  slightly  bloody  vaginal 
orifice. 

Period  and  severity  of  starvation. — In  the  beginning  of  the  investi- 
gations it  was  decided  to  starve  one  group  of  females  throughout 
pregnancy  and  another  group  during  the  last  half  only.  The  results 
from  starvation  were  so  disappointing  that  this  was  abandoned.  Of 
seventeen  females  that  had  been  observed  to  copulate  and  were 
starved  from  this  time  for  periods  varying  from  sixteen  to  twenty-six 
days,  only  one  gave  birth  to  a  litter,  four  died,  and  the  others  were  so 
weakened  that  they  were  saved  only  with  diflSculty.  In  the  second 
group  fifty-nine  females  were  starved  severely  during  the  last  half 
of  pregnancy  (or  suspected  pregnancy),  beginning  on  the  eleventh  day 
after  copulation.  The  animals  were  weighed  daily  and  their  weights 
recorded.  The  amount  of  food  (usually  not  more  than  1  gm.)  which 
they  received  daily  varied  with  their  loss  in  weight  and  general  condi- 
tion. The  food  consisted  of  whole-wheat  bread  (graham)  soaked  in 
whole  milk  (Table  1).  Water  from  the  city  supply  was  allowed  in  the 
cages  at  all  times. 

Prevention  of  mother  *s  eating  young. — A  difficulty  soon  experienced 
was  the  eating  of  the  young  by  the  starving  mothers.  Early  in  the 
investigation  several  of  the  mothers  ate  and  mutilated  their  newborn 
young,  rendering  them  worthless  for  dissection  purposes.  Various 
muzzles  were  devised  but  without  success.  The  method  finally 
adopted  was  to  place  the  pregnant  female  in  a  cage  with  a  wire  bottom, 
the  meshes  of  which  were  1  cm.  square,  thus  allowing  the  newborn 
rats  to  drop  through  onto  a  clean  piece  of  paper  beneath.  Thus,  not 
only  were  the  newborns  saved  for  dissection,  but  any  abortions  or  pre- 
mature deliveries  might  be  note.d. 

Throughout  the  period  of  inanition  the  pregnant  females  were  kept 
in  a  specially  warmed  room  in  order  to  prevent  death  from  chilling  or 
pneumonia. 

Necropsies. — In  this  investigation  ninety-nine  rats  were  necropsied, 
sixty  of  which  were  from  mothers  underfed  during  the  last  half  of 
pregnancy,  twenty-nine  were  normal  fetuses  removed  from  the  recently 
killed  mother,  and  ten  were  normal  newborns.  In  order  to  compare 
the  effect  of  prenatal  inanition  in  the  newborn  rat  (test),  it  was  neces- 
sary to  compare  this  test  rat  with  a  normal  (control)  fetus  of  the  same 
body-weight  from  an  unstarved  mother. 
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The  mothers  from  which  the  control  fetuses  were  obtained  were 
chloroformed.  After  death  the  abdomen  was  slit  open  and  the  fetuses 
and  placentas  removed  from  the  uterine  horns.  The  fetus  was 
removed  from  the  amniotic  sac  and  the  umbilical  cord  severed  by 
crushing  in  order  to  prevent  bleeding,  close  to  the  belly  wall.  The 
fetus  was  quickly  wiped  dry  of  excess  fluid,  killed  by  chloroform, 
measured,  weighed,  and  dissected.  These  are  designated  the  "pre- 
natal controls."  The  "test  rats"  are  newborn  rats  from  the  underfed 
mothers.  The  "normal  newborns"  are  newborn  rats  from  normal 
litters. 

The  series  and  number  of  the  mother,  the  number  of  the  litter, 
and  the  order  in  the  litter  for  each  individual  dissected  is  shown  in 
Table  4.  A  or  B  with  the  number  following  denote  the  series  and 
number  of  the  mother  in  the  series;  the  number  following  this  denotes 
the  number  of  litters  the  mother  has  borne  during  the  experiment, 
while  the  number  following  the  decimal  point  denotes  the  number  of 
the  individual  rat  in  the  litter.  For  example,  B2-2.1  shows  that  the 
rat  was  number  1  in  the  second  litter  from  the  mother  number  2, 
Series  B. 

It  will  be  noted  that  these  rats  (Table  4)  are  arranged  in  five  groups 
in  accordance*  with  their  net  body-weights.  Group  1  contains  the 
test  rats  and  prenatal  controls  whose  net  body-weights  range  from 
approximately  £  gm.  to  2.5  gm.;  Group  2,  those  ranging  from  2.5  gm. 
to  3  gm.;  Group  3,  those  ranging  from  3  gm.  to  3.5  gm.;  Group  4, 
those  ranging  from  3.5  gm.  to  4  gm.,  and  Group  5,  those  ranging  from 
4  gm.  to  4.5  gm.  This  grouping  was  done  in  order  to  facilitate  compu- 
tations and  to  render  apparent  any  variations  according  to  the  size  of 
the  rats.  Since  no  sexual  differences  were  found  in  the  organs  and 
parts,  the  sexes  are  combined  in  the  groups  and  computations.  All 
computations  were  made  on  the  average  weights  of  the  organs  and 
parts.  ^ 

All  the  test  rats  necropsied  were  born  by  the  natural  method, 
although  the  length  of  gestation  was  occasionally  prolonged. 

The  necropsy  technic  was  the  same  as  that  described  by  Jackson 
and  Lowrey  (1912)  and  Jackson  (1913),  with  a  few  modifications. 
Their  technic  was  as  follows: 

After  killing  with  chloroform,  the  gross  body-weight  and  lengths  of 

^  The  original  individual  data  are  filed  and  available  for  reference  at  the  Wistar 
Institute  of  Anatomy,  Philadelphia. 
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body  (nose-anus)  and  tail  were  recorded.  The  head  was  removed 
on  a  plane  just  anterior  to  the  larnyx  and  posterior  to  the  cranium, 
and  weighed.  The  trunk  was  suspended,  thus  allowing  the  blood 
(unmeasured)  to  escape.  The  eyeballs  and  brain  were  then  removed 
and  placed  in  a  moist  chamber.  The  trunk  was  next  dissected  and  the 
viscera  removed  and  weighed  individually  in  the  following  sequence: 
thyroid  gland,  thymus,  heart  (opened  and  blood  clots  removed),  lungs, 
liver,  spleen,  stomach  and  intestines  (including  contents,  mesentery 
and  pancreas,  also  weighed  without  contents),  suprarenals,  kidneys, 
gonads,  and  spinal  cord.  The  extremities  were  removed  at  the 
shoulder  and  hip  joints  and  weighed.  The  skin  was  next  removed 
from  the  trunk  and  extremities  and  weighed;  the  skeleton  and  mus- 
culature were  weighed  together;  then  the  musculature  was  dissected 
off  and  its  weight  determined  by  subtracting  the  weight  of  the  skeleton 
from  the  combined  weight.  As  soon  as  possible  after  the  birth  of  the 
inanition  test-rats,  and  immediately  after  the  removal  of  the  prenatal 
controls  from  the  mother,  they  were  killed  by  chloroform,  if  not 
already  dead.  Each  was  then  placed  on  its  back  and  extended  by 
allowing  one  end  of  a  steel  ruler  (300  mm.  by  35  mm.  by  2  mm., 
weight  263.5  gm.)  to  rest  on  the  abdomen  and  neck.  In  this  way 
the  amount  of  extension  was  found  to  be  much  more  constant  than  by 
trying  to  hold  the  body  extended  by  means  of  the  hand.  The  distance 
from  the  tip  of  the  nose  to  the  anus  (nose-anus  length)  and  from  the 
tip  of  the  tail  to  the  anus  (tail-length)  was  carefully  measured  by 
calipers  and  the  distance  read  off  on  a  millimeter  scale. 

Jackson  and  Lowrey  weighed  the  stomach,  intestines,  and  pancreas 
together  with  the  mesentery.  In  my  investigation,  however,  the 
stomach,  intestines,  and  pancreas  were  weighed  separately.  The 
technic  was  as  follows: 

The  rat  was  placed  belly  down  and  the  skin,  muscles,  and  other 
tissues  dissected  from  the  left  lumbar  region  and  an  incision  made 
through  the  peritoneum  just  below  the  costal  margin.  By  gentle 
pressure  on  the  abdomen,  the  stomach,  spleen,  and  part  of  the  pancreas 
were  forced  through  the  opening.  The  spleen  was  now  easily  separated 
from  the  stomach  and  pancreas  and  placed  in  a  moist  chamber.  The 
stomach  was  freed  from  its  attachments  to  the  liver  and  pancreas, 
seized  at  its  juncture  with  the  esophagus  with  a  small  pair  of  forceps, 
firmly  compressed  to  prevent  the  escape  of  any  of  the  gastric  contents, 
and  severed  at  that  point  and  also  at  the  pylorus.     The  stomach  was 
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then  weighed  in  a  closed  container,  opened,  its  contents  allowed  to 
escape,  and  the  interior  cleaned  with  moist  filter  paper,  after  which  it 
was  reweighed.  The  intestines  were  removed  as  described  by  Jackson 
and  Lowrey  (1912)  and  weighed  with  and  without  their  contents, 
after  the  pancreas  had  been  removed.  By  subtracting  the  weight  of 
the  contents  from  the  body-weight,  the  net  body- weight  was  obtained, 
and  this  was  used  as  a  basis  for  computations. 

It  was  found  that  the  "gold  dust"  preparation,  used  by  Jackson 
(1915)  to  free  the  skeleton  of  its  periosteum  and  ligaments,  acted  too 
strongly  on  the  delicate  skeletons  in  my  series,  resulting  in  a  loss  of  the 
cartilages.  Consequently,  the  skeletons  were  cleaned  as  thoroughly 
as  possible  of  muscles  and  ligaments  merely  by  dissection.  These 
are  designated  as  "moist"  skeletons.  The  moist  skeletons  were 
dried  for  one  month  (to  a  constant  weight)  in  an  oven  at  a  temperature 
of  8o°C.  to  95°C.  to  obtain  their  dry  weight. 

GENERAL   EFFECTS   OF   UNDERFEEDING 

Blighting  of  ovum. — In  one  experiment  seventeen  female  albino 
rats  were  underfed  for  varying  periods  of  from  sixteen  to  twenty-six 
days  from  the  time  of  observed  copulation.  Only  one  (A  6)  gave 
birth  to  a  litter  after  twenty-four  days.  This  mother  received  daily 
10  gm.  of  food  until  the  eleventh  day  after  copulation,  and  thereafter 
1  gm.  daily  until  delivery,  starvation  being  severe  only  in  the  last  half 
of  pregnancy.  Her  fetuses  were  necropsied  and  included  with  the 
data.  Of  the  seventeen  rats,  four  died  of  starvation.  Necropsy 
revealed  no  pneumonia  or  other  disease. 

In  another  series  fifty-nine  females  were  underfed  from  the  eleventh 
day  after  copulation  to  delivery,  death,  or  the  discovery  of  no  existing 
pregnancy.  Of  this  number,  nineteen  (32  per  cent),  (Table  1),  gave 
birth  to  litters;  twelve  (20  per  cent)  died  during  pregnancy  (Table  2); 
and  twenty-seven  (46  per  cent)  did  not  give  birth  to  litters  (Table  3). 

Huber  (1915)  found  in  the  rat  on  the  sixth  day  after  copulation, 
localized  thickenings  of  the  uterine  mucosa,  sufficient  to  cause  localized 
swellings  of  the  uterine  tube.  Stotsenburg**  (1915)  has  shown  that 
on  the  thirteenth  day  of  pregnancy  the  average  weight  of  the  rat  fetus 
is  0.040  gm.  .  It  is  interesting  to  note  that  in  my  pregnant  rats  it  was 
found  that  the  swellings  in  the  uterine  horns  could  be  palpated  through 
the  abdominal  wall  of  the  living  animal  between  the  tenth  and  eleventh 
days  after  copulation.     None  of  the  females  (sixteen)  underfed  from 
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the  time  of  copulation,  and  not  having  litters,  showed  swellings  in  the 
uterine  horns  at  any  time  palpable  through  the  abdominal  wall.  In 
the  twenty-seven  females  (Table  3)  observed  to  copulate  and  underfed 
from  the  eleventh  day  thereafter  (no  litters  resulting),  swellings  in  the 
uterine  horns  were  palpated  in  fifteen,  doubtful  swellings  in  three,  and 
no  swelling  in  nine.  Of  the  twenty-seven  animals,  five  died  during 
the  starvation  period;  four  of  these  were  necropsied,  one  (A  63)  showed 
definite  swellings  in  the  uterine  horns  (two  in  the  right,  and  three  in  the 
left,  about  8  mm.  in  diameter),  the  other  three  showed  no  macroscopic 
evidence  of  pregnancy. 

Microscopic  examination  of  sections  of  the  uterine  swellings  in  A  63 
revealed  a  mass  of  degenerating  tissue  with  no  evidence  of  a  fetus. 
One  female,  B  64,  was  refed  ten  days  after  being  underfed  twelve  days 
and  was  killed.  At  necropsy  four  swellings  in  the  left  and  five  in  the 
right  uterine  horn  were  found,  averaging  about  1  cm.  in  diameter. 
Microscopic  examination  of  these  showed  a  mass  of  degenerating  tissue 
with  no  evidences  of  fetal  tissue.  Apparently  these  wete  cases  of 
blighted  ova  or  early  embryos.  What  was  the  fate  of  the  swelling 
palpated  in  the  other  rats  starved?  Were  they  absorbed?  This 
question  needs  further  investigation. 

It  is  significant  to  note  that  of  the  seventeen  females  starved  from 
the  time  of  copulation,  only  one  became  visibly  pregnant  and  no  swellings 
were  ever  palpated  in  the  remaining  sixteen.  Does  starvation  early 
in  pregnancy  inhibit  implantation  by  lessening  the  amount  of  pabulum 
or  embryotroph  necessary  to  the  nourishment  of  the.  ovum,  or  by 
uterine  circulatory  changes  or  a  condition  of  acidosis?  Or  does  it 
cause  a  blighting  of  the  ovum  after  implantation?  This  also  needs 
further  investigation. 

Length  of  gestation, — ^According  to  Stotsenburg*^  (1914),  the  length 
of  gestation  in  the  non-lactating  albino  rat  varies  from  twenty-one 
days  and  fifteen  hours  to  twenty-two  days  and  sixteen  hours.  The 
length  of  gestation  in  my  starved  rats  varied  from  twenty-one  days 
to  twenty-six  days;  eight  of  the  total  of  twenty-two  were  above  the 
twenty-three-day  limit,  six  with  a  gestation-period  of  twenty-four 
days,  one  of  twenty-nine  days,  one  of  twenty-six  days.  Thus,  severe 
inanition  during  the  last  half  of  pregnancy  usually  lengthens  the 
duration  of  gestation  comparatively  little.  This  is  rather  surprising, 
in  view  of  the  fact  that  King  (1913)  found  the  gestation  period  mark- 
edly lengthened  in  pregnant  nursing  rats.     King  says: 
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**  The  period  of  gestation  is  always  prolonged  when  a  female  is  suckling  six  or  more 
young.  In  these  cases  the  number  of  young  in  the  second  litter  seems  to  have  less  influ- 
ence on  the  length  of  the  gestation  period  than  has  the  number  of  young  suckled,  but  if 
both  litters  arc  very  large,  the  gestation  period  may  be  extended  to  thirty-four  days." 

Daniel  (1910)  in  investigations  on  the  mouse,  formulated  the  follow- 
ing law  (quoted  by  King,  1913,  as  "Daniel's  law"):  "The  period  of 
gestation,  in  lactating  mothers,  varies  directly  with  the  number  of 
young  suckled." 

Both  Daniel  and  King  seem  to  have  overlooked  the  work  on  the 
prolongation  of  gestation  in  different  species  of  rats  by  Lataste  (1891), 
in  which  he  states: 

"On  voit  que,  d*une  facon  gen^rale  et  sauf  pertiu-bations  accidentelles,  le  retard  de 
la  gestation,  dans  une  m^me  espece,  est  proportionnel  au  nombre  des  petits  allait^s,  un 
nouveau  jour  de  retard  correspondant  k  un  nourisson  de  plus.** 

He  proved  that  the  retardation  of  gestation  was  due  to  a  delay  of 
the  implantation  of  the  ovum  during  the  first  six  to  ten  days  of  preg- 
nancy, due  probably  to  a  lack  of  proper  nourishment  for  the  ovum  as 
it  enters  the  uterine  cavity.  He  found  that  traumatizing  the  mother 
early  in  pregnancy  markedly  prolonged  gestation,  while  at  later 
periods  there  was  no  effect.  This  is  in  harmony  with  my  observation 
that  there  is  very  little  prolongation  of  gestation  in  starvation  during 
the  latter  half  of  pregnancy. 

Abortion  and  premature  delivery. — ^Although  my  females  were  kept 
in  cages  with  meshed-wire  bottoms,  so  that  the  products  of  conception 
might  fall  through,  no  abortions  or  premature  deliveries  were  observed. 
Rudolski  (1893),  in  inanition  experiments  on  rabbits  and  a  dog,  stated 
that  premature  deliveries  seldom  occurred,  and  that  abortions  were 
never  observed.  Prochownick  (1901)  cites  forty-eight  cases  in  which 
women  were  placed  on  a  restricted  diet  during  the  last  half  of  preg- 
nancy, with  no  abortions  or  premature  deliveries  resulting.  He  also 
reviewed  the  earlier  literature  on  the  subject.  Paton  (1903)  observed 
no  abortions  or  premature  deliveries  in  guinea-pigs  starved  during 
pregnancy.  Reeb  (1905)  observed  premature  deliveries  in  two  rabbits 
starved  from  the  beginning  of  pregnancy,  but  none  in  rabbits  or  dogs 
starved  during  the  last  half  of  pregnancy. 

Although  no  abortions  or  premature  deliveries  were  observed,  it  is 
interesting  to  note  that  five  of  the  twelve  females  that  died  during 
pregnancy  (Table  2)  began  to  bleed  from  the  vagina  from  one  to  three 
days  before  the  end  of  the  normal  gestation  period.     In  one  of  these. 
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B  64,  the  fetuses  had  evidently  been  dead  for  some  time,  since  on 
section  and  microscopic  examii;iation  of  the  swellings  in  the  uterine 
horns,  a  degenerating  mass  of  material  was  found,  in  which  no  fetal 
structures  were  distinguishable.  Rat  B  58  (Table  2),  killed  after 
ref ceding  ten  days,  showed  a  similar  condition  in  the  uterine,  horns; 
but  the  death  of  the  fetuses  evidently  occurred  earlier,  as  the  swellings 
of  the  uterine  horns  were  smaller  (5  mm.  to  8  mm.  in  diameter,  com- 
pared to  9  mm.  to  15  mm.  in  diameter  in  B  64). 

Macroscopic  examination  of  the  placentse  of  the  rats  dying  after 
hemorrhage  revealed  no  separation  of  the  placentae  and  no  evidence 
of  beginning  labor.  Are  these  cases  to  be  regarded  as  beginning 
abortions  in  which  the  fetuses  have  died  in  utero  and  therefore  analo- 
gous to  missed  abortions  occurring  in  the  human  being?  This  sub- 
ject requires  further  investigation,  checked  by  careful  microscopic 
examination  to  determine  whether  this  bleeding  is  due  to  beginning 
abortion  or  is  the  result  of  degenerative  changes  in  the  placenta  itself, 
or  perhaps  to  changes  in  the  maternal  blood. 

Sterility, — ^From  the  total  number  of  seventy-six  female  rats  starved 
during  pregnancy  (or  suspected  pregnancy),  only  four  became  preg- 
nant a  second  time  (B  2,  B  29,  B  43,  and  B  44,  Tables  1,  2,  and  3). 
Of  the  seventy-six  starved,  twenty-one  died,  a  mortality  of  27  per 
cent.  Although  the  remaining  fifty-five  were  placed  with  the  males 
frequently,  only  four  (7  per  cent),  became  pregnant  after  starvation. 
Thus  it  appears  that  inanition  during  pregnancy  produces  a  condition 
of  sterility  in  the  majority  of  the  females.  Whether  this  sterility  is 
absolute  or  only  temporary  can  not  be  stated,  because  a  sufficient 
period  has  not  elapsed  since  the  starvation  of  many  of  the  females. 

Jackson  and  Stewart  (1919)  likewise  found  that  starvation  in  young 
female  rats  produced  sterility  in  a  large  number. 

Stillbirths  and  viability  of  the  newborn. — From  the  data  in  Table  1, 
it  is  seen  that  from  a  total  of  129  newborn  young  rats  from  mothers 
starved  during  pregnancy,  forty-one  were  found  dead  after  delivery. 
Whether  these  were  dead  in  utero,  died  during  delivery,  or  afterwards, 
it  is  impossible  to  state.  At  birth,  the  newborn  dropped  through  the 
wire  bottom  of  the  cage,  and  as  many  were  bom  inclosed  within  the 
amniotic  sac,  death  may  have  resulted  from  suffocation.  The  living 
seemed  to  be  quite  vigorous.  As  they  were  necropsied  as  soon  as 
possible  after  birth,  no  statements  can  be  made  concerning  their 
viability  and  after-life.     King  (1916),  however,  has  made  a  study  of 
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the  growth  of  albino  rats  undersized  at  birth  (one  a  female  weighing 
but  2.6  gm.) .     She  states : 

**  A  very  small  weight  at  birth  indicates  that  a  rat  has  a  handicap  in  its  organization, 
that  environment,  however  favorable,  can  not  overcome.  Such  animals,  although  they 
appear  vigorous  and  Wealthy  during  their  growth  period  and  after  reaching  the  adult 
state,  are  unquestionably  subnormal  in  regard  to  the  size  of  the  body  and  the  central 
nervous  system." 

Size  of  litters, — ^The  average  number  of  young  per  litter  observed 
in  the  rats  starved  during  pregnancy  was  5.9.  King  (1915)  found  an 
average  of  7.0  per  litter  in  1,089  litters.  Apparently  starvation  during 
the  last  half  of  pregnancy  has  at  least  no  marked  effect  on  the  number 
of  young  per  litter. 

Weight  qfjetus. — Rudolski  (1893)  starved  rabbits  and  a  dog  during 
pregnancy  and  found  that  on  one-half  to  one-third  of  their  normal 
diet  the  mothers  gave  birth  to  healthy,  normal  offspring  and  that  at 
times  these  litters  even  exceeded  in  weight  the  litters  from  mothers 
on  a  normal  diet.  However,  on  greater  reduction  (one-fifth  to  one- 
thirtieth)  of  their  normal  diet,  the  mothers  gave  birth  to  young  many 
of  which  were  born  dead  or  died  soon  after  birth.  The  body  dimen- 
sions were  reduced  in  size.  The  offspring  were  toothless  and  gelatin- 
ous in  structure,  showing  a  poor  development  of  the  subcutaneous 
tissues  and  a  marked  reduction  in  the  amount  of  fat. 

Prochownick  (1901),  in  a  report  of  forty-eight  cases  in  which 
women  with  contracted  pelves  were  placed  on  a  restricted  diet  during 
the  last  months  of  pregnancy,  found  the  weight  of  the  newborn  to  be 
markedly  reduced.  The  average  birth-weight  was  2,960  gm.  and  2,735 
gm.,  respectively,  in  twenty-four  males  and  twenty-four  females. 
Thus,  the  males  were  11  per  cent  to  14  per  cent  and  the  females  14 
per  cent  to  15  per  cent  below  the  average  weight  for  that  part  of 
Europe  (Hamburg).  The  length,  head  circumference,  and  ossification 
of  the  cranial  bones  were  not  affected.  There  was,  however,  a  reduc- 
tion in  the  amount  of  subcutaneous  fat. 

Paton  (1903),  in  a  series  of  female  guinea-pigs  kept  on  a  low  diet 
during  pregnancy,  found  the  average  weight  of  the  litters  to  be  28 
per  cent  below  that  in  mothers  kept  on  a  normal  diet. 

Reeb  (1905)  obtained  a  marked  reduction  in  the  size  of  the  young 
in  rabbits  and  a  dog  placed  on  a  reduced  diet  during  the  last  half  of 
pregnancy-  Although  the  pregnant  rabbits  suffered  an  average  loss 
of  but  7.1  per  cent  in  body-weight  during  inanition,  the  individual 
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newborn  showed  a  reduction  of  20  per  cent  to  60  per  cent  in  weight 
as  compared  with  young  from  the  same  mothers  on  a  full  diet.  The 
dog  lost  8.1  per  cent  during  starvation  in  pregnancy  and  the  individual 
young  showed  a  loss  of  29  per  cent  as  compared  with  controls  from  the 
same  dog  on  a  normal  diet. 

All  the  experiments  were  carried  out  by  a  quantitative  reduction 
in  diet.  Evvard  (1912),  however,  has  shown  that  undersized  young 
with  lessened  vigor  and  vitality  result  when  young  pregnant  sows 
(gilts)  are  fed  on  corn  alone,  in  large  quantities,  but  unsupplemented 
by  a  diet  rich  in  ash  and  protein.  He  attributes  this  reduction  in  size 
and  vigor  of  the  offspring  chiefly  to  a  lack  of  calcium  salts  in  a  diet  of 
corn  alone.  Later,  Evvard,  Dox,  and  Guernsey  (1914)  found  that 
normal  litters  resulted  if  the  corn  diet  was  supplemented  by  calcium 
chloride  (or  calcium  carbonate)  and  blood  protein. 

Hart,  McCoUum,  Steenbock,  and  Humphrey  (1919)  fed  a  diet  of 
corn,  grain,  and  wheat  straw  to  pregnant  heifers.  The  resulting  off- 
spring were  weak  and  often  dead-born.  However,  when  a  suitable 
salt  mixture  was  added  to  the  diet,  normal  calves  resulted.  Osborne 
and  Mendel  (1914)  have  shown  that  the  corn  kernel  is  deficient  in 
certain  salts  and  amino  acids  which  are  necessary  to  normal  growth 
in  the  rat. 

From  my  data  on  the  weights  of  individual  rats  from  mothers 
starved  during  the  last  half  of  pregnancy,  the  average  gross  weight 
of  the  newborn  is  approximately  S  gm.  The  average  gross  weight  of 
the  normal  newborn  rat  in  the  same  dolony  has  beed  found  to  be  ap- 
proximately 5  gm.  (Stewart,  1919),  the  average  in  my  ten  normal 
newborn  being  4.92  gm.  Consequently,  underfeeding  during  the 
last  half  of  pregnancy  apparently  causes  a  reduction  of  about  40 
per  cent  in  the  average  birth-weight  of  the  newborn  albino  rat. 
The  gross  body-weight  of  the  individual  test  rats  ranged  from  2.1  gm. 
to  4.4.  gm.  The  average  percentage  loss  of  weight  of  the  mother 
during  starvation  (Table  1)  was  28  per  cent,  the  loss  ranging  from 
11  per  cent  to  39  per  cent.  There  is  no  constant  relation  between 
the  loss  in  body-weight  of  the  mother  and  the  size  of  the  newborn  or 
the  number  in  the  litter.  However,  it  should  be  noted  that  in  general 
the  percentage  loss  of  weight  was  greatest  in  the  heaviest  rats  which 
requently  bore  the  heaviest  fetuses.  Also,  as  might  be  expected,  the 
weight  of  the  newborn  tends  to  be  inversely  proportional  to  the  loss  in 
the  weight  of  the  mother.  Thus,  the  heaviest  newborns  (4.3  gm.) 
were  from  a  mother  losing  only  11  per  cent  in  weight. 
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Just  what  eflFect  this  loss  or  retardation  in  birth-weight  has  on  the 
relative  weights  of  the  various  parts,  systems,  and  organs  of  the  new- 
born rat,  or  other  animals,  has  not  hitherto  been  ascertained,  so  far 
as  appears  from  the  available  literature.  These  effects  of  prenatal 
starvation,  and  a  comparison  of  the  results  obtained  in  postnatal 
starvation,  will  now  be  considered  for  the  various  organs  and  parts. 
In  each  case  the  data  for  the  normal  newborn  will  be  given  first;  then 
the  prenatal  norm,  and  finally  the  condition  in  the  corresponding 
groups  of  test  rats  will  be  compared.  This  will  enable  us  to  see 
whether,  in  these  stunted  test  rats  with  retarded  body-weight,  the 
various  parts  retain  their  normal  proportions,  as  found  in  the  normal, 
younger,  fetuses  of  the  same  body-weight;  or,  if  not,  the  character 
and  extent  of  the  disproportions  which  have  arisen.  Finally,  a  com- 
parison will  be  made  with  the  known  effects  of  postnatal  inanition. 

RELATIVE  WEIGHTS  AND  LENGTHS  OF  BODY  PARTS 

Ratio  of  body-weight  to  body-length. — In  the  ten  normal  newborn 
rats  dissected,  the  average  body-length  was  51  mm.,  net  body-weight 
4.92  gm.;  Stewart  (1919),  using  litters  from  the  same  colony,  found 
the  average  body-length  to  be  50.3  mm.,  net  body-weight  5.03  gm. 

The  ratio  of  the  body- weight  in  grams  to  the  body-length  in  milli- 
meters in  my  newborns  was  0.096.  In  Stewart's  series  (1919)  the 
ratio  is  0.099.  The  Wistar  norm  ratio  (Donaldson,  1915)  is  0.10 
for  a  51  nun.  rat.  In  my  prenatal  fetal  controls  (Table  5),  the  ratio 
of  the  body-weight  to  the  body -length  is  0.061  in  Group  1,  and  increases 
through  all  the  groups  until  in  Group  5  it  is  0.092.  The  ratio  for  the 
test  rats  in  Group  1  is  0.061  and  increases  through  all  the  groups  at 
nearly  the  same  rate  as  the  prenatal  controls  to  0.089  in  Group  5. 

By  comparing  the  prenatal  and  newborn  norms,  it  is  found  that  the 
smaller  the  fetus  in  utero,  the  smaller  is  the  figure  representing  the 
body-weight  to  body-length  ratio;  in  other  words,  the  younger  the  fetus 
(from  2  gm.  to  4.1  gm.),  the  less  the  weight  per  millimeter  of  body- 
length.  The  test  rats  follow  this  same  law,  the  ratio  being  very 
similar  to  that  in  the  corresponding  normal  controls  of  the  same  weight 
or  length.  Therefore,  it  may  be  stated  that  the  growth  ratio,  or  the 
relation  between  fetal  body-weight  and  body-length,  is  not  disturbed 
by  starving  the  mother  during  pregnancy. 

Ratio  of  tail-length  to  body-length.— The  ratio  i^eVanlTfength  ^^  called 
the  "  tail  ratio."  In  my  normal  newborns  the  tail  ratio  wSth!  m  Zl 
is    0.311    (sexes    combined).     Stewart    (1918a),    in  litters  from  the 
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same  colony,  found  a  tail  ratio  of  0.318  (sexes  combined).  Jackson 
(1915a),  using  litters  from  both  Minnesota  and  Missouri,  found 
a  tail  ratio  of  0.36  in  the  newborn  (sexes  combined).  The  tail 
ratio  for  the  prenatal  controls  in  Group  1  is  0.339  (all  females);  for 
the  test  rats,  0.324;  for  the  controls  in  Group  2,  0.288,  for  the  test 
rats,  0.310;  for  the  controls  in  Group  3,  0.313,  for  the  test  rats  0.327; 
for  the  controls  in  Group  4,  0.300,  for  the  test  rats,  0.326;  for  the  con- 
trols in  Group  5,  0.296,  and  for  the  test  rats,  0.323.  The  tail  ratio 
for  the  prenatal  norm  averaged  for  all  five  groups  is  0.307;  for  the  test 
rats,  0.322.  From  these  data  it  is  apparent  that  the  ratio  of  the 
tail-length  to  the  body-length  during  the  later  prenatal  growth  of  the 
rat  (from  2  gm.  to  .1  gm.)  is  about  the  same  as  that  found  at  birth; 
also  that  inanition  in  the  mother  during  pregnancy  has  very  slight 
influence  on  the  tail  ratio  of  the  oflFspring. 

If  the  absolute  data  are  directly  compared,  the  tail-length  in  the 
test  rats  in  all  the  groups  (Table  5)  is  slightly  above  that  of  the  pre- 
natal norms  of  the  same  average  body-weight,  being  2.8  per  cent  above 
in  Group  1  and  13.1  per  cent  on  Group  5,  showing  an  average  gain 
of  6  per  cent  above  the  norm  in  all  the  groups  combined.  This  gain 
in  tail-length,  therefore,  appears  to  be  less  marked  in  the  smaller  rats, 
becoming  greater  as  the  size  of  the  body  approaches  that  normal  at 
birth.  It  agrees  with  the  observations  of  Jackson  ^®  (1915)  and  Stewart 
(1918),  that  postnatal  starvation  in  growing  rats  tends  to  produce 
relatively  long- tailed  individuals. 

Head, — ^Jackson  and  Lowrey  (1912)  give  the  weight  of  the  head 
in  the  newborn  albino  rat  as  1.147  gm.,  or  21.65  per  cent  of  the  body- 
weight,  5.3  gm.  (sexes  combined).  In  my  normal  newborn  series 
the  weight  of  the  head  is  1 .041  gm.,  or  21 .2  per  cent  of  the  body -weight, 
4.92  gm. 

In  my  prenatal  controls,  the  average  weight  of  the  head  forms 
24.2  per  cent,  23.0  per  cent,  22.7  per  cent,  21.0  per  cent,  and  20.5 
per  cent  of  the  body-weight  in  Groups  1,  2,  3,  4,  and  5,  respectively 
(computed  from  Table  5).  Thus,  in  the  prenatal  controls  the  head, 
has  a  higher  relative  weight  in  the  smaller  than  in  the  larger  rats,  which 
fact  agrees  very  well  with  the  law  formulated  by  Jackson  (1909)  : 
"A  relatively  large  embryonic  head  is  characteristic  of  vertebrates 
in  general."  The  head  in  the  smaller  prenatal  controls  also  has  a 
higher  relative  percentage  weight  than  in  the  normal  newborns,  the 
diflFerence  decreasing  with  the  increase  in  the  weight  of  the  prenata 
controls. 
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In  my  test  rats  the  average  weight  of  the  head  forms  24.0  per  cent, 
24,1  per  cent,  28.5  per  cent,  22.8  per  cent,  and  22.0  per  cent  of  the 
body-weight  from  Group  1  to  Group  5,  respectively  (computed  from 
Table  5).  Therefore,  the  relative  weight  of  the  head  is  slightly  higher 
in  the  test  rat  than  in  the  prenatal  controls,  except  in  Group  1. 

The  absolute  weight  of  the  head  in  the  test  rats  exceeds  that  of  the 
corresponding  prenatal  controls  by  2.8  per  cent,  6.0  per  cent,  3.8  per 
cent,  6.5  per  cent,  and  7.6  per  cent  in  Groups  1,  2,  3,  4  and  5, 
resi>ectively,  averaging  5.3  per  cent  above  in  the  test  rats.  Thus  in 
prenatal  inanition  the  head  shows  a  slight  increase  in  weight,  which  is 
due  partly  to  the  increase  in  weight  of  the  brain,  eyeballs,  and  the 
integument  covering  the  head. 

In  postnatal  inanition  in  young  rats,  a  stronger  tendency  for  the 
head  to  increase  in  weight,  even  when  the  body-weight  has  been  held 
constant,  has  been  noted  (Table  6).  Stewart  (1918a)  found  the  head 
to  increase  45  per  cent  in  weight  (as  compared  with  controls  of  the 
same  body-weight)  in  rats  held  at  a  constant  body-weight  from  birth 
to  sixteen  days.  In  a  series  of  rats  stunted  by  underfeeding  from 
birth  to  three  weeks  (body-weight  10  gm.)  the  average  increase  in  the 
weight  of  the  head  was  16  per  cent,  as  compared  with  controls  of  the 
same  body-weight.  In  rats  underfed  from  the  age  of  three  weeks  to 
ten  weeks,  there  was  an  apparent  increase  in  head- weight  of  2.1 
per  cent  as  compared  with  controls  of  the  same  body-weight  (Jackson,^* 
1915).  This  slight  gain  in  weight  is  attributed  to  the  slight  gain 
in  skeletal  weight,  which  in  the  head  probably  overbalances  the  loss  in 
weight  of  the  integument. 

In  both  acute  and  chronic  inanition  in  adult  rats,  the  head  increases 
markedly  in  relative  weight  and  loses  slightly  in  absolute  weight  (Jack- 
son,^«  1915). 

From  the  foregoing  it  appears  that  the  head  manifests  its  strongest 
relative  growth  tendency  in  rats  underfed  from  birth  to  sixteen  days. 
That  this  growth  tendency,  though  apparently  less  intense,  is  present 
before  birth  is  evidenced  by  the  increase  of  the  head-weight  of  the 
test  rats  as  compared  with  prenatal  controls  of  the  same  body-weight. 
Extremities  and  trunk. — In  my  normal  newborn  series,  the  fore 
limbs  form  7.0  per  cent  and  the  hind  limbs  7.6  per  cent  of  the  body- 
weight,  4.92  gm.  This  is  a  lower  relative  weight  than  given  by  Jackson 
and  Lowrey  (1912)  for  the  relative  weight  of  the  extremities  in  the  new- 
bom  rat  of  5.3  gm.,  their  figures  being  7.39  per  cent  and  9.45  per  cent 
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for  the  fore  and  hind  limbs,  respectively.  This  difference  is  prob- 
ably due  to  a  variation  in  technic.  Although  the  fore  and  hind  limbs 
were  always  severed  from  the  body  at  the  shoulder  and  hip  joints, 
respectively,  it  was  extremely  difficult  to  leave  the  same  amount  of  skin 
and  muscle  attached  to  the  limb  in  each  case. 

In  my  prenatal  controls,  the  fore  limbs  form  5.3  per  cent,  6.8  per 
cent,  7.4  per  cent,  6.7  per  cent,  and  7.1  per  cent  of  the  body-weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  fore  limbs  in  the  smaller  prenatal  control  fetuses 
is  less  than  in  the  normal  newborn,  but  this  diflference,  in  relative 
weight,  decreases  with  the  increase  in  the  size  of  the  fetus. 

In  the  test  rats,  the  fore  limbs  form  6.8  per  cent,  6.8  per  cent,  7.2 
per  cent,  7.3  per  cent  and  7.1  per  cent  of  the  body-weight  in  Groups  1 
to  5,  respectively  (computed  from  Table  5).  Thus,  with  the  excep- 
tion of  Group  1,  in  which  the  relative  weight  of  the  fore  limbs  in  the 
tests  quite  markedly  exceeds  that  of  the  prenatal  controls,  there  is  " 
very  little  diflference  in  the  relative  weights  in  the  fore  limbs  of  the 
test  rats  and  prenatal  controls,  in  both  of  which  the  fore  limbs  form  a 
relatively  smaller  percentage  of  the  body-weight,  especially  in  the 
smaller  rats,  than  in  the  normal  newborn. 

The  absolute  weight  of  the  fore  limbs  in  the  test  rats  in  Group  1 
exceeds  that  of  the  prenatal  controls  by  34  per  cent  (Table  5).  In  the 
other  groups,  however,  the  diflference  between  the  absolute  weights 
of  the  fore  limbs  of  the  test  rats  and  prenatal  controls  is  so  irregular 
that  it  would  be  extremely  hazardous  to  draw  any  conclusions,  the 
average  in  the  test  rats  being  8  per  cent  above  that  of  the  prenatal 
controls. 

The  hind  limbs  in  my  prenatal  controls  form  5.2  per  cent,  6.3  per 
cent,  6.8  per  cent,  7.0  per  cent,  and  7.0  per  cent  of  the  body-weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Therefore, 
as  compared  with  the  normal  newborn,  the  hind  limbs  in  the  prenatal 
controls  (fetuses)  have  a  lower  relative  weight,  and  as  in  the  case  of  the 
fore  limbs,  this  diflference  in  relative  weight  is  most  marked  in  the 
smaller  rats  (fetuses)  and  decreases  with  the  increase  in  size  of  the 
prenatal  control  (fetus). 

In  my  test  rats  the  hind  limbs  form  6.7  per  cent,  7.5  per  cent,  7.4 
per  cent,  7.9  per  cent,  and  7.9  per  cent  of  the  body-weight  in  Groups 
1  to  5,  respectively  (computed  from  Table  5).  Therefore,  in  the  test 
rats,  the  hind  limbs  form  a  higher  relative  percentage  of  the  body- 
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weight  than  in  the  prenatal  controls.  It  thus  appears  that  in  the  test 
rats  the  hind  limbs  are  growing  faster  than  the  body  as  a  whole. 

The  absolute  weight  of  the  hind  limbs  in  my  test  rats  exceeds  that 
of  the  prenatal  controls  in  all  the  groups,  being  36.4  per  cent,  19.5  per 
cent,  9  per  cent,  13  per  cent,  and  20  per  cent  above  in  Groups,  1,  2,  3,  4 
and  5,  respectively  (Table  5),  the  average  being  19.5  per  cent. 

It  is  to  be  noted  that  in  the  prenatal  controls  the  hind  limbs,  as 
compared  with  the  fore  limbs,  have  a  lower  or  just  equal  weight,  and 
the  earlier  in  pregnancy  the  fetus  is  removed  from  the  mother  the 
larger  are  the  fore  limbs  as  compared  with  the  hind  limbs.  This  is  in 
accord  with  the  law  of  cranio-caudal  progression  in  growth  as  formu- 
lated by  Jackson  (1909).  This  also  may  explain  the  larger  size 
of  the  hind  limbs  in  the  test  rats,  since  in  the  prenatal  controls  this 
growth  tendency  in  the  hind  limbs  has  not  had  sufficient  time  to 
develop,  due  to  their  shorter  sojourn  in  utero^  as  compared  with  the 
test  rats,  which,  although  undersized,  were  born  at  term. 

Jackson  and  Lowrey  (1912),  in  newborn  rats,  found  the  weight  of 
the  trunk  to  be  3.36  gm.  In  my  newborns,  the  trunk  weighs  3.16  gm. 
and  forms  64.4  per  cent  of  the  average  body-weight,  4.92  gm.  In  my 
prenatal  controls  the  trunk  forms  65.2  per  cent,  64.0  per  cent,  63.4 
per  cent,  65.4  per  cent,  and  65.3  per  cent  of  the  body-weight  in  Groups 
1  to  5,  respectively  (computed  from  Table  5).  Thus  the  relative 
weight  of  the  trunk  in  the  prenatal  controls  is  smaller  than  in  the 
newborn  rats.  In  my  test  rats  the  trunk  forms  62.7  per  cent,  62.3 
per  cent,  62.3  per  cent,  65.5  per  cent,  and  63.3  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 

Thus  in  the  test  rat  the  trunk  has  about  the  same  relative  weight  as 
in  the  newborn  rat,  while  the  relative  weight  is  slightly  higher  in  the 
prenatal  controls  corresponding  to  the  smaller  size  of  their  heads  and 
extremities.  The  diflFerence  in  the  size  of  the  trunk,  however,  is 
slight,  as  evidenced  by  the  fact  that  its  absolute  weight  in  the  test 
rats  shows  an  average  loss  of  but  1.6  per  cent.  This  loss  of  weight 
in  the  trunk  compensates  for  the  larger  head  and  extremities  in  the 
tests. 

Consequently  it  appears  that  in  prenatal  retardation  by  inanition 
there  is  a  slight  increase  in  the  weight  of  the  fore  limbs  especially  in 
the  smaller  rats,  a  more  marked  increase  in  the  hind  limbs,  and  a 
slight  decrease  in  the  weight  of  the  trunk.  In  postnatal  starvation  in 
young  rats  held  at  a  constant  body-weight  there  was  very  little  change 
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in  the  weights  of  the  trunk  and  extremities  as  compared  with  controls 
of  the  same  body-weight.  In  general,  there  was  a  slight  increase  in 
the  weight  of  the  head,  counterbalanced  by  a  slight  decrease  in  the 
weight  of  the  trunk  and  extremities  (Jackson,^*  1915;  Stewart,  1918). 
During  inanition  in  adult  rats,  both  the  head  and  extremities  appear 
to  increase  in  relative  weight,  while  the  trunk  decreases  (Jackson,  ^^ 
1915;  Table  6). 

Integument. — In  my  normal  newborns  the  average  weight  of  the 
integument  is  0.794  gm.  (16.1  per  cent  of  body-weight,  4.92  gm.). 
Stewart  (1919),  in  new-born  litters  from  the  same  colony,  found  the 
weight  of  the  integument  to  be  0.754  gm.  (15  per  cent  of  the  body- 
weight,  5.03  gm.).  These  values  are  slightly  lower  than  that  given  by 
Jackson  and  Lowrey  (1912),  which  was  0.930  gm.  (19.8  per  cent  of 
body- weight).  The  diflference  is  probably  due  to  a  variation  in 
technic,  as  it  is  difficult  to  remove  the  skin  with  uniformity. 

In  my  prenatal  controls  the  weight  of  the  integument  forms  11.0 
per  cent,  12.8  per  cent,  13.4  per  cent,  13.9  per  cent,  and  14.2  per  cent 
of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5) .  Thus  it  is  evident  that  the  weight  of  the  normal  integument 
is  relatively  less  in  the  fetus,  increasing  progressively  up  to  birth. 

In  my  test  rats  the  weight  of  the  integument  forms  12.4  per  cent, 
13.6  per  cent,  15.3  per  cent,  15.3  per  cent,  and  14.5  per  cent  of  the 
body -weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
The  integument  in  the  test  rats  thus  forms  a  relatively  higher 
percentage  of  the  body-weight,  in  all  the  groups,  than  in  the  prenatal 
controls. 

The  absolute  weight  (Table  5)  of  the  integument  in  the  test  rats 
exceeds  that  of  the  prenatal  controls  by  18  per  cent  in  Group  1,  6.4  per 
cent  in  Group  2,  14.6  per  cent  in  Group  3,  10  per  cent  in  Group  4, 
and  3  per  cent  in  Group  5.  The  average  increase  in  all  the  groups  is 
10.4  per  cent.  Although  this  increase  in  weight  is  irregular,  it  has  a 
downward  trend  from  Group  1  to  Group  5  and  shows  that  the  nearer 
the  prenatal  controls  and  test  rats  approach  their  normal  birth-weight, 
the  less  is  the  diflference  in  the  relative  percentage  and  absolute  weights 
of  their  integuments.  This  increase  may  be  due  to  the  longer  interval 
the  test  rats  remained  in  ufero  as  compared  with  the  prenatal  controls, 
or  to  the  fact  that  the  skin  has  a  stronger  growth  tendency  at  this  time 
as  compared  with  some  of  the  other  parts  of  the  body.  It  is  interesting 
to  note  (Table  6)  that  Stewart  (1918)  found  the  integument  to  remain 
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at  a  constant  weight  in  rats  starved  from  birth  to  three  weeks  of  age» 
while  in  older  rats  starved  for  longer  or  shorter  periods  the  loss  in 
weight  of  the  integument  was  quite  marked.  In  a  younger  series  kept 
at  a  maintenance  diet  from  birth  to  eleven  days  to  twenty-two  days, 
Stewart  (1919)  found  the  absolute  weight  of  the  integument  in  the 
test  rats  to  be  ^  per  cent  above  that  in  the  controls  of  the  same  body- 
weight.  Jackson^*  (1915)  found  the  integument  to  lose  weight  in 
nearly  the  same  proportion  as  the  whole  body  in  acute  and  chronic 
inanition  in  adult  rats. 

Skeleton. — ^As  explained  under  the  section  on  materials  and  methods, 
the  "moist"  skeleton  probably  corresponds  closely  to  that  referred 
to  by  Jackson  ^^(1915)  as  the  cartilaginous  skeleton.  Since  the 
"gold  dust"  solution  used  to  rid  the  skeleton  of  its  ligaments  and 
periosteum  acted  too  strongly  on  the  skeleton  in  my  very  small  rats, 
causing  a  disintegration  of  the  cartilages,  no  attempts  were  made  to 
obtain  anything  corresponding  to  the  cartilaginous  skeleton.  My 
observations  on  the  "dried  skeleton"  are  consequently  on  the  dried 
ligamentous  skeleton.  Jackson  and  Lowrey  (1912)  obtained  a  value 
of  0.810  gm.  for  the  ligamentous  skeleton  in  the  newborn  rats,  while 
in  my  normal  newborn  the  "moist"  skeleton  weighs  but  0.381  gm., 
7.8  per  cent  of  the  body-weight,  4.92  gin.  However,  this  agrees  very 
well  with  the  weight  of  the  newborn  moist  skeleton  of  10.877  gm.  or  9.0 
per  cent  body-weight,  4.92  gm.,  given  by  Conrow  (1915).  It  must 
be  stated,  however,  that  despite  the  greatest  care  taken  in  cleaning 
the  skeletons,  their  range  of  weight  was  very  great,  even  in  rats  of 
equal  weights  (Table  5). 

In  my  prenatal  controls,  the  weight  of  the  moist  skeleton  forms 
7.2  per  cent,  7.2  per  cent,  7.4  per  cent,  7.1  per  cent,  and  6.7  per  cent  of 
the  body- weight  in  Groups  1  to  5,  respectively  (computed  from  Table 
5).  Thus  the  moist  skeleton  in  the  prenatal  controls  has  a  relative 
weight  slightly  below  that  of  the  normal  newborn  rat. 

In  my  test  rats  the  weight  of  the  moist  skeleton  forms  5.0  per  cent, 
7.0  per  cent,  7.4  per  cent,  7.2  per  cent,  and  7.0  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  there  is  very  little  diflFerence  in  the  relative  weight  of  the  moist 
skeleton  in  the  test  rats  and  prenatal  controls,  except  in  Group  1, 
where  its  relative  weight  in  the  test  rats  is  considerably  below  that  of 
the  prenatal  controls.  This  diflference  is  probably  due  to  errors  in 
technic. 
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By  comparing  the  absolute  weights  of  the  moist  skeleton  in  the 
test  rats  with  the  prenatal  controls  in  Table  5,  it  will  be  seen  that  in 
Group  1  the  absolute  weight  of  the  moist  skeleton  in  the  test  rats  is 
27  per  cent  less  than  in  the  prenatal  controls  of  the  same  body-weight. 
Since  such  a  marked  difference  can  not  be  accounted  for  by  any  change 
in  body-length,  in  fact,  the  average  body-length  of  the  test  rats  is 
7.3  per  cent  greater  than  in  the  prenatal  controls  of  this  group,  it  must 
be  attributed  to  errors  in  technic.  In  the  other  four  groups  the 
difference  in  the  absolute  weights  of  the  moist  skeleton  in  the  test 
rats  and  prenatal  controls  is  very  slight  and  wholly  within  the  limits 
of  error,  considering  the  difficulties  of  technic.  Probably  there  is  very 
little  real  difference  between  the  absolute  weight  of  the  moist  skeleton 
in  test  rats  and  prenatal  controls,  but  one  can  hardly  reach  any  definite 
conclusion. 

It  should  be  noted,  however,  that  in  postnatal  inanition  the 
skeleton  (undried)  shows  its  greatest  increase  in  weight,  32  per  cent, 
in  rats  underfed  from  the  age  of  three  weeks  to  one  year  (Stewart, 
1918).  In  rats  underfed  from  birth  to  sixteen  days  the  gain  in  the 
skeleton,  with  musculature,  is  but  6  per  cent  (Stewart,  1919).  This 
seems  to  show  that  the  growth  tendency  in  the  skeleton  is  relatively 
weak  at  birth,  which  may  explain  its  apparent  loss  of  weight  in  my  test 
rats. 

In  my  normal  newborn  series  the  weight  of  the  dried  skeleton  is 
0.089  gm.  or  1.8  per  cent  of  the  body-weight,  4.92  gm.  Conrow  (1915) 
found  the  dried  skeleton  to  be  1.9  per  cent  of  the  body-weight  in  the 
normal  newborn  rat  (body-weight,  4.2  gm.;  calculated  weight  of  dried 
skeleton,  0.081  gm.). 

In  my  prenatal  controls  the  weight  of  the  dried  skeleton  forms  1.4 
per  cent,  1.5  per  cent,  1.5  per  cent,  1.7  per  cent,  and  1.6  per  cent  of  the 
body- weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  the  dried  skeleton  in  the  prenatal  control  has  a  relative  weight 
slightly  below  that  of  the  normal  newborn  rat. 

In  my  test  rats  the  weight  of  the  dried  skeleton  forms  1.5  per  cent, 
1.8  per  cent,  1.7  per  cent,  1.8  per  cent,  and  1.7  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus 
the  relative  weight  of  the  dried  skeleton  in  the  test  rats  is  slightly 
higher  than  in  the  prenatal  controls. 

Concerning  the  absolute  weight  of  the  dried  skeleton,  however 
(Table  5),  the  results  obtained  are  different  from  those  in  the  case  of 


28 

Digitized  by  VjO(WIC 


EFFECTS   OF   INANITION   IN   THE    PREGNANT   ALBINO   RAT  609 

the  moist  skeleton.  Although  in  Groups  1,  2,  and  3  (Table  5)  the  abso- 
lute weights  of  the  moist  skeletons  in  the  test  rats  were  27  per  cent, 
1.8  i>er  cent,  and  5.0  per  cent  below  the  prenatal  controls  of  the  respec- 
tive groups,  and  0.4  per  cent  and  0.01  per  cent  above  in  Groups  4  and 
5,  respectively,  the  absolute  weight  for  the  dried  skeleton  of  the  test 
rats  exceeds  that  of  the  prenatal  controls  in  all  five  groups,  the  excess 
being  7  per  cent,  20  per  cent,  14  per  cent,  9  per  cent,  and  9  per  cent, 
respectively,  from  Groups  1  to  5  (Table  5),  averaging  12  per  cent  above 
for  all  groups. 

This  increase  in  the  weight  of  the  dried  skeleton  in  the  test  rats  is 
evidently  due  to  an  increase  of  dry  substance  in  the  bones,  cartilages, 
and  ligaments.  Therefore,  since  the  dry  skeleton  shows  a  relatively 
greater  increase  in  the  test  rats  as  compared  with  the  prenatal  controls 
of  the  same  body-weight,  it  is  apparent  that,  although  the  body-weight 
is  retarded,  the  relative  percentages  of  solid  substance  and  water  in  the 
test  rats  tend  to  approach  that  found  in  the  normal  newborn  rat.  The 
tendency  of  the  skeleton  to  grow  in  mass  (although  at  a  retarded  rate) 
in  cases  of  underfeeding  in  rats  was  observed  by  Jackson^^  (1915)  and 
by  Stewart  (1918).  Lowrey  (1913)  found  that  in  the  postnatal  growth 
of  the  rat  the  amount  of  dry  substance  in  the  ligamentous  skeleton 
increases  with  age,  being  18.1  per  cent  at  birth,  33.3  per  cent  at  twenty 
days,  39.2  per  cent  at  six  weeks,  45.9  per  cent  at  ten  weeks,  50.4  per 
cent  at  five  months,  and  52.6  per  cent  at  one  year. 

Xo  observations  were  made  on  any  of  the  skeletons  to  determine 
whether  there  was  any  variation  in  the  normal  process  of  differentiation 
(developmental  changes)  between  the  test  rats  and  prenatal  controls. 
Jackson**  (1915)  and  Stewart  (1918),  however,  found  that  during 
maintenance  of  body-weight  by  underfeeding  in  young  rats,  skeletal 
growth  and  differentiation  occurred  apparently  in  a  normal  manner, 
although  at  a  retarded  rate. 

MusculcUure. — ^The  musculature  was  not  weighed  separately,  but 
was  weighed  together  with  the  skeleton  and  its  weight  obtained  by 
subtracting*  the  latter  from  the  combined  weight.  The  weight  given 
by  Jackson  and  Lowrey  (1912)  for  the  newborn  rat  is  1.15  gm.  or  24 
per  cent  of  body- weight,  5.3  gm.;  while  in  my  newborns  the  weight  of 
the  musculatiu-e  was  1.77  gm.  or  36  per  cent  of  the  body-weight,  4.92 
gm.  This  marked  difference  is  probably  due  to  a  variation  in  technic, 
as  in  all  my  rats  the  fat  was  included  with  the  musculature.     The 
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reason  for  this  diflFerence  in  technic  is  obvious,  because  in  the  small 
rats  the  fat  was  poorly  diflferentiated  from  the  muscle. 

In  my  prenatal  controls  the  musculature  forms  28  per  cent,  32  per 
cent,  32  per  cent,  36.5  per  cent,  and  37.5  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  in  the 
prenatal  controls  it  is  evident  that  the  relative  weight  of  the  muscula- 
ture is  less  in  the  smaller  rats,  increasing  progressively  up  to  birth. 

In  my  test  rats  the  musculature  forms  28  per  cent,  30  per  cent,  31 
per  cent,  33  per  cent,  and  34  per  cent  of  the  body- weight  in  Groups  1  to 
5,  respectively  (computed  from  Table  5).  Thus,  in  both  the  test 
rats  and  prenatal  controls  there  is  apparently  an  increasing  tendency 
for  the  musculature  to  make  up  a  larger  proportion  of  the  body  weight 
as  the  rat  increases  in  size;  that  is,  the  muscle  is  growing  at  a  relatively 
faster  rate  than  the  remainder  of  the  body,  the  increase  being  slightly 
more  marked  in  the  prenatal  controls  than  in  the  test  rats. 

The  absolute  weight  of  the  musculature  in  the  test  rats  is  slightly 
below  that  of  the  prenatal  controls  with  the  exception  of  Group  1 
(Table  5),  in  which  its  absolute  weight  in  the  test  rats  is  7  per  cent  above 
that  in  the  prenatal  controls.  Taking  the  groups  as  a  whole,  the 
absolute  weight  of  the  musculature  in  the  test  rats  is  but  5  per  cent 
below  that  in  the  prenatal  controls.  This  diflFerence  is  slight,  and  may 
in  part  be  due  to  a  decrease  in  the  fat  in  the  test  rats.  On  account  of  the 
difficulties  encountered  in  separating  the  fat  from  the  musculature, 
they  were  weighed  together,  as  previously  stated. 

In  postnatal  inanition  in  young  rats,  there  is  apparently  a  slight 
gain  in  weight  of  the  musculature.  It  shows  an  increase  of  but  6  per 
cent,  8  per  cent,  10  per  cent  and  3  per  cent,  respectively,  in  rats  under- 
fed from  birth  to  sixteen  days,  from  birth  to  three  weeks,  from  birth 
to  ten  weeks,  and  from  three  weeks  to  ten  weeks  of  age  (Stewart,  1918, 
1919;  Jackson,  ^^  1915).  The  greatest  gain  observed  (25  percent)  was 
in  rats  underfed  from  ten  weeks  to  eight  months  of  age  (Jackson,  ^^ 
1915).  In  both  acute  and  chronic  inanition  in  adult  rats  the  muscula- 
ture loses  in  about  the  same  proportion  as  the  body  as  a  whole  (Jack- 
son, 1915). 

In  general,  it  appears  that  the  musculature  manifests  a  relatively 
weak  growth  tendency  during  both  prenatal  and  postnatal  inanition, 
with  even  a  slight  loss  in  the  former. 

Visceral  group, — The  visceral  group  includes  the  brain,  spinal 
cord,  eyeballs,  and  thyroid,  as  well  as  the  abdominal  and  thoracic 
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viscera.  Jackson  and  Lowrey  (1912)  give  the  weight  of  the  visceral 
group  in  the  newborn  as  0.954  gm.  or  18  per  cent  of  the  body- weight, 
5.3  gm.  Stewart  (1919)  gives  the  visceral  group  a  weight  of  0.871 
gm.;  or  17.3  per  cent  of  the  body-weight,  5.03  gm.  The  visceral  group 
in  my  normal  newborn  series  weighs  0.817  gm.  or  16.6  per  cent  of  the 
body-weight,  4.92  gm. 

In  my  prenatal  controls  the  weight  of  the  visceral  group  forms  23 
per  cent,  21  per  cent,  18.5  per  cent,  19.5  per  cent,  and  19  per  cent  of  the 
body-weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Therefore  it  is  evident  that  the  relative  weight  of  the  visceral  group  in 
the  prenatal  controls  (fetuses)  exceeds  that  of  the  normal  newborn 
rat.  This  diflFerence  is  most  marked  in  the  smaller  rats  (fetuses), 
decreasing  as  the  birth-weight  is  approached,  showing  that  in  the 
fetal  life  of  the  rat  (from  2  gm.  to  4.1  gm.)  the  viscera  constitute  a 
larger  proportion  of  the  body-weight  than  at  birth. 

In  my  test  rats  the  weight  of  the  visceral  group  forms  16.2  per  cent, 
16.6  per  cent,  16.6  per  cent,  16.2  per  cent,  and  15.2  per  cent  of  the 
body-weight  in  Groups  1  to  5,  respectively  (computed  from  Table 
5).  Thus,  in  the  test  rats  the  visceral  group  forms  a  slightly  smaller 
percentage  of  the  body-weight  than  in  the  normal  newborn,  while  in 
the  prenatal  controls  the  converse  is  true.  The  relative  weight  of  the 
visceral  group  is  markedly  lower  in  the  test  rats  than  in  the  prenatal 
controls. 

In  my  test  rats  the  absolute  weight  of  the  visceral  group  is  less 
than  that  of  the  prenatal  controls  in  all  the  groups  (Table  5).  In 
Groups  1  to  5  the  absolute  weight  of  the  visceral  group  in  the  test 
rats  is  27  per  cent,  21  per  cent,  7  per  cent,  17  per  cent,  and  20  per  cent 
below  that  of  the  prenatal  controls  in  the  corresponding  groups, 
averaging  18.4  per  cent  below. 

Thus  in  prenatal  inanition  the  visceral  group  shows  a  marked  retar- 
dation in  growth.  This  is  due  chiefly  to  the  retarded  growth  of  the 
liver  and  lungs. 

These  results  are  directly  opposed  to  those  in  postnatal  inanition 
shortly  after  birth.  Stewart  (1918,  1919)  found' that  the  absolute 
weight  of  the  visceral  group  exceeded  that  of  controls  of  the  same  body 
by  46  per  cent,  28  per  cent,  and  38  per  cent  in  rats  underfed  from  birth 
to  an  average  of  sixteen  days,  from  birth  to  three  weeks  of  age,  and 
from  birth  to  ten  weeks  of  age,  respectively  (Table  6).  In  rats  under- 
fed from  the  age  of  three  weeks  to  ten  weeks  and  from  the   age  of 
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three  weeks  to  one  year,  there  was  no  marked  change  in  the  weight 
of  the  visceral  group  (Jackson,  ^*  1915;  Stewart,  1918);  while  in  rats 
underfed  from  ten  weeks  of  age  to  eight  months,  Jackson^*  (1915) 
found  the  weight  of  the  visceral  group  to  be  12  per  cent  below  the 
normal.  He  found  that  the  visceral  group  as  a  whole  undergoes  very- 
little  change  in  relative  weight  in  adult  rats  during  either  acute  or 
chronic  inanition. 

From  the  foregoing  data  it  is  evident  that  the  growth  tendency  of 
the  visceral  group  in  the  rat  during  inanition  is  relatively  weak  before 
birth,  strongest  shortly  after  birth,  and  decreases  gradually  thereafter. 

Remainder. — ^The  "remainder"  is  obtained  by  subtracting  the 
weight  of  the  integument,  "moist"  skeleton,  musculature,  and  viscera 
from  the  net  body-weight.  It  thus  includes  the  loss  by  evaporation 
of  fluids  which  escape  from  the  body  during  dissection,  also  the  larynx, 
trachea,  esophagus,  salivary  and  lymph  glands,  large  vessels,  and 
pieces  of  fat  in  the  omentum.  The  remainder  may  vary  with  the 
amount  of  fat  removed  from  diflFerent  portions  of  the  body. 

In  general,  no  attempt  was  made  to  remove  any  of  the  fat,  such 
as  the  "nuchal  fat  pad,"  retroperitoneal  fat,  and  so  forth,  all  of  which 
was  included  in  the  musculature. 

In  my  normal  newborns  (body-weight  4.92  gm.)  the  average  weight 
of  the  remainder  was  1.05  gm.  (21  per  cent  of  body-weight)  Stewart 
(1919)  found  its  weight  to  be  1.52  gm.  (30  per  cent  of  net  body- weight, 
5.03  gm.).  This  weight  is  considerably  higher  than  mine,  probably 
due  to  the  fact  that  he  included  more  fat  with  the  remainder  than  with 
the  musculature.  Jackson  and  Lowrey  (1912),  however,  found  its 
weight  to  be  0.97  gm.  (20.56  per  cent  of  body-weight,  5.3  gm.),  a 
value  very  close  to  mine. 

In  my  prenatal  controls  the  weight  of  the  remainder  forms  31  per 
cent,  27  per  cent,  28  per  cent,  23  per  cent,  and  23  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  the  relative  weight  of  the  remainder  in  the  smaller  prenatal 
control  rats  (fetuses)  markedly  exceeds  that  of  the  normal  newborn 
rat,  the  difference  decreasing  as  the  normal  birth-weight  is  approached. 

In  my  test  rats  the  weight  of  the  remainder  forms  37  per  cent,  34 
per  cent,  31  per  cent,  28  per  cent  and  30  per  cent  of  the  body-weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Therefore  the 
relative  weight  of  the  remainder  in  the  test  rats  exceeds  that  of  the 
prenatal  controls  in  all  the  groups. 
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The  absolute  weight  of  the  remainder  in  my  test  rats  was  consider- 
ably above  that  of  my  prenatal  controls  in  all  the  groups,  the  average 
being  25.4  per  cent  above  (Table  5). 

This  relative  and  absolute  increase  in  the  remainder  is  directly 
opposed  to  the  results  obtained  in  investigations  on  postnatal  starva- 
tion (Table  6).  In  rats  held  at  a  constant  weight  from  birth  to  sixteen 
days,  in  another  group  underfed  from  birth  to  three  weeks  (body- 
weight  10  gm.),  and  in  another  series  underfed  from  birth  to  ten  weeks, 
Stewart  (1918,  1919)  found  in  the  remainder  a  decrease  of  59  per  cent, 
40  per  cent,  and  23  per  cent,  respectively,  as  compared  with  normal 
controls  of  the  same  body-weight.  In  rats  underfed  from  the  age 
of  three  weeks  to  ten  weeks,  however,  Jackson^®  (1915)  found  but  2 
per  cent  decrease  in  the  remainder.  In  young  rats  underfed  up  to 
one  year  of  age  he  found  a  decrease  of  but  5  per  cent,  while  in  Stewart's 
series  (1918)  there  is  a  decrease  of  S3  per  cent.  In  acute  and  chronic 
inanition  in  adult  rats  there  is  a  definite  decrease  in  the  weight  of  the 
remainder,  probably  due  to  a  loss  of  fat  (Jackson,^®  1915). 

Why  the  remainder  should  decrease  during  postnatal  starvation 
and  increase  during  prenatal  inanition  is  difficult  to  explain.  Possibly 
there  is  a  larger  amount  of  circulating  fluids,  blood,  lymph,  and  so 
forth,  in  my  test  rats  than  in  the  prenatal  controls.  This  increase 
in  the  remainder  evidently  compensates  for  the  loss  in  weight  of  the 
visceral  group.  This  is  the  converse  of  what  occurs  in  postnatal 
starvation,  as  found  by  Stewart  (1919)  in  the  rats  held  at  birth-weight. 

Brain. — In  my  normal  newborns  the  average  weight  of  the  brain 
is  0.235  gm.,  (4.8  per  cent  of  the  body-weight,  4.92  gm.).  Stewart 
(1919)  gives  the  weight  of  the  brain  in  the  newborn  as  0.224  gm.  (4.5 
per  cent  of  the  body-weight,  5.03  gm.).  Jackson  (1913)  found  the 
weight  of  the  brain  in  the  newborn  rat  to  be  4.8  per  cent  of  the  gross 
body-weight. 

In  my  prenatal  controls  the  weight  of  the  brain  forms  6.2  per  cent, 
5.6  per  cent,  5.0  per  cent,  4.8  per  cent,  and  4.4  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  in  the  prenatal  controls  the  relative  weight  of  the  brain  in  the 
smaller  rats  (fetuses)  is  greater  than  that  of  the  normal  newborn,  this 
difference  in  relative  weight  decreasing,  however,  as  the  birth-weight 
is  approached. 

In  my  test  rats  the  weight  of  the  brain  forms  6.6  per  cent,  6.2  per 
cent,  5.6  per  cent,  5.3  per  cent  and  5.0  per  cent  of  the  body-weight  in 
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Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus,  in  the  test 
rats  the  brain  forms  a  slightly  higher  per  cent  of  the  body- weight  than 
in  the  prenatal  controls;  in  both,  the  smaller  the  rat,  the  greater  is  the 
weight  of  the  brain  relative  to  the  body-weight.  Since  in  the  test 
rats,  especially  in  the  smaller  ones,  the  brain  tends  to  form  a  relatively 
larger  part  of  the  body- weight  than  in  either  the  normal  newborns  or 
in  the  prenatal  controls,  it  may  be  quite  safely  assumed  that  in  a  state 
of  inanition  of  the  mother  the  brain  of  the  fetus  has  a  greater  growth 
tendency  than  does  the  remainder  of  the  body  as  a  whole. 

In  the  test  rats  the  absolute  weight  of  the  brain  exceeds  by  12  per 
cent  to  13  per  cent  (average  12.5  per  cent)  that  in  the  corresponding 
prenatal  norms,  constantly  throughout  all  the  groups  (Table  5). 

Comparing  these  results  with  those  obtained  in  postnatal  inanition 
by  Jackson  and  Stewart  (Table  6),  it  is  seen  that  the  brain  shows  its 
greatest  tendency  to  increase  in  weight  in  rats  underfed  from  birth 
to  sixteen  days  (Stewart,  1919).  Here  the  brain  shows  a  gain  of  125 
per  cent  in  absolute  weight  above  controls  of  the  same  body-weight. 
This  gain  drops  to  60  per  cent  in  rats  (body-weight  10  gm.)  underfed 
from  birth  to  three  weeks  (Stewart,  1918) ;  and  in  rats  starved  from 
birth  to  ten  weeks  the  gain  is  but  8  per  cent.  In  rats  underfed  from 
three  weeks  after  birth  to  ten  weeks  of  age  the  brain  shows  little  or 
no  change  (Jackson,^®  1915). 

Hatai  (1904)  found  a  decrease  of  5  per  cent  in  the  absolute  weight  of 
the  brain  in  young  rats  losing  30  per  cent  of  their  body-weight  on  an 
unfavorable  diet  of  starch  and  beef  fat.  Later  (1908)  heiound  no 
change  in  the  brain-weight  in  rats  stunted  on  an  unfavorable  diet,  as 
compared  with  normal  rats  of  the  same  body-weight. 

Donaldson  (1911),  in  young  rats  held  at  maintenance  from  thirty 
days  to  fifty-one  days  of  age,  found  the  brain-weight  to  average  7 
per  cent  less  than  in  normal  controls  of  the  same  age.  If  a  comparison 
is  made,  however,  with  the  calculated  initial  brain-weight,  as  he  points 
out,  the  average  weight  of  the  brain  is  3.6  per  cent  greater  in  the  under- 
fed rats. 

In  adult  rats,  during  both  acute  and  chronic  inanition,  Jackson^* 
(1915)  observed  that  the  brain  even  loses  slightly  in  weight. 

From  the  foregoing  results,  it  may  be  assumed  that  in  the  rat  during 
inanition  the  brain  possesses  its  strongest  growth  tendency  at  birth  and 
that  this  tendency  decreases  with  age  (Table  6) .  Whether  this  growth 
impulse  is  stronger  or  weaker  before  birth  is  hard  to  decide.     From  a 
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comparison  of  the  data  it  would  seem  to  be  weaker  before  birth,  since 
in  my  test  rats  from  underfed  mothers  the  weight  of  the  absolute 
brain  increased  but  12.5  per  cent  above  that  of  the  prenatal  norms» 
while  Stewart  (1918a),  in  starvation  seventeen  days  to  twenty-two 
days  after  birth,  found  the  absolute  weight  of  the  brain  to  gain  125 
per  cent  above  that  of  the  controls  of  the  same  body- weight.  It  must 
be  remarked,  however,  that  in  my  tests  the  exact  character  and  extent 
of  the  inanition  of  the  fetus  are  somewhat  uncertain. 

Spinal  cord. — In  my  normal  newborns  the  spinal  cord  weighs  0.036 
gm.  (0.71  per  cent  of  the  body-weight,  4.92  gm.).  Stewart  (1919) 
gives  the  weight  of  the  spinal  cord  in  the  newborn  as  0.035  gm.  (0.70 
per  cent  of  the  body- weight,  5.0  gm.).  The  Wistar  norm  (Donaldson, 
1915)  for  the  spinal-cord  weight  is  0.034  gm.  at  body-weight  of  4.95 
gm. 

The  weight  of  the  spinal  cord  in  my  prenatal  controls  forms  1.12, 
per  cent,  1.00  per  cent,  0.91  per  cent,  0.83  per  cent,  and  0.75  per  cent 
of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5) .  Thus  it  is  evident  that  the  spinal  cord,  similar  to  the  brain, 
in  the  prenatal  controls  has  a  higher  relative  weight  than  in  the  normal 
newborn  rat. 

In  my  test  rats  the  weight  of  the  spinal  cord  forms  1.13  per  cent, 
1.01  per  cent,  0.86  per  cent,  0.80  per  cent,  and  0.75  per  cent  of  the 
body- weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5) . 

Thus,  in  the  smaller  rats,  both  the  test  rats  and  prenatal  controls, 
as  compared  to  the  normal  newborns,  the  spinal  cord  forms  a  relatively 
higher  percentage  of  the  body-weight,  this  tendency  lessening  with  the 
increase  in  the  size  of  the  rats,  until  in  the  larger  rats  this  difference  in 
relative  weight  disappears. 

From  the  data  in  Table  5,  the  absolute  weight  of  the  spinal  cord  is 
lower  in  the  test  rats  than  in  the  prenatal  controls,  with  the  exception 
of  Groups  1  and  2,  where  it  is  respectively  6  per  cent  and  2  per  cent 
higher  in  the  test  rats.  The  absolute  weight  in  all  the  groups  averages 
but  0.26  per  cent  higher  in  the  prenatal  controls  than  in  the  test  rats. 
This  is  such  a  slight  difference  that  it  might  very  well  be  attributed 
to  errors  in  technic,  since  it  is  difficult  to  remove  the  cord  intact 
from  these  small  rats  and  also  to  sever  the  head  from  the  trunk  at 
exactly  the  same  place.  Probably  there  is  very  little  change  in  the 
spinal  cord  of  the  fetus  during  inanition  in  the  mother.  The  fact  that 
the  body-length  in  the  tests  and  controls  varies  but  little,  1  per  cent 


Digitized  by  VjOOQ IC 


616  LEE  W.  BARRY 

higher  in  the  test  rats,  would  lead  one  to  expect  but  little  difference  in 
the  corresponding  weights  of  the  spinal  cord. 

The  results  obtained  in  postnatal  inanition,  however,  might  lead 
one  to  expect  an  increase  in  the  size  of  the  cord  in  the  stunted  individual. 
Bechterew  (1895),  in  acute  inanition  of  puppies  and  kittens,  made  a 
study  of  the  central  nervous  system  after  death  of  the  animal  and  found 
the  least  loss  in  the  spinal  cord.  Donaldson  (1911)  found  a  slight 
increase  in  the  weight  of  the  spinal  cord  in  young  rats,  held  at  body- 
weight  of  34  gm.  from  thirty  days  to  fifty-one  days  of  age.  Jackson 
(1915)  found  no  change  in  the  weight  of  the  spinal  cord  in  acute  inani- 
tion in  adult  rats,  while  in  chronic  inanition  in  adult  rats  he  found  a 
slight  decrease  in  the  weight. 

In  newborn  rats,  however,  Stewart  (1919)  noted  a  marked  tendency 
for  the  cord  to  continue  growing  during  inanition  in  which  the  body 
is  kept  at  nearly  constant  weight.  From  the  data  in  Table  6,  it  is 
evident  in  underfed  young  rats  that  the  spinal  cord  possesses  a  very 
strong  growth  tendency,  greatest  at  or  shortly  after  birth,  but  also 
present  up  to  adult  life.  It  should  be  noted  that  this  growth  tendency 
persists  for  a  longer  time  in  the  cord  than  in  the  brain,  probably  due  to 
the  fact  that  the  brain  normally  completes  its  postnatal  growth  at  a 
relatively  earlier  age  than  does  the  cord. 

Why  the  cord  should  lose  while  the  brain  gains  in  weight  during 
fetal  inanition  is  difficult  to  explain.  So  far  as  their  normal  growth 
tendency  during  the  fetal  period  is  concerned,  both  appear  to  be  de- 
creasing in  about  the  same  relative  proportion,  judging  from  a  com- 
parison of  their  prenatal  growth  norms. 

Eyeballs. — ^The  eyeballs  in  my  normal  newborns  weigh  0.025  gm. 
and  form  0.50  per  cent  of  the  body-weight,  4.92  gm.  In  Stewart's 
(1919)  newborn  they  weighed  0.0235  gm.  and  formed  0.47  per  cent 
of  the  body-weight,  5.03  gm.  Jackson  (1913)  gives  the  weight  of  the 
eyeballs  in  the  newborn  as  0.025  gm.  and  0.53  per  cent  of  the  body- 
weight. 

In  my  prenatal  controls  the  eyeballs  form  0.38  per  cent,  0.42  per 
cent,  0.42  per  cent,  0.38  per  cent,  and  0.37  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Compared 
with  the  normal  newborn  rat,  the  relative  weight  of  the  eyeballs  is 
much  lower  in  the  prenatal  controls. 

In  my  test  rats  the  eyeballs  form  0.57  per  cent,  0.52  per  cent, 
500.  per  cent,  0.48  per  cent,  and  0.46  per  cent  of  the  body-weight  in 
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Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  it  is 
evident  that  the  eyeballs  in  the  test  rats  have  a  much  higher  relative 
weight  than  in  the  prenatal  controls.  In  the  test  rats  the  relative 
weight  of  the  eyeballs  is  about  the  same  as  that  of  the  normal  newborn. 
(In  the  smaller  rats  it  is  slightly  higher.) 

The  absolute  weight  of  the  eyeballs  is  markedly  higher  in  the  test 
rats  than  in  the  controls  in  all  the  groups  (Table  5),  being  most  pro- 
nounced in  Group  1  (the  smallest  rats),  in  which  the  average  absolute 
weight  of  the  eyeballs  of  the  test  rats  is  56  per  cent  above  that  in  the 
prenatal  controls.  It  is  interesting  to  note  that,  in  the  range  of  their 
weights,  in  Group  1  the  heaviest  eyeballs  in  the  prenatal  control 
just  equal  the  lightest  in  the  test  rats.  In  the  other  groups  the  eyeballs 
in  the  test  rats  show  an  increase  in  absolute  weight  above  the  prenatal 
controls  of  over  20  per  cent.  The  average  total  excess  of  the  absolute 
weight  of  the  eyeballs  in  the  test  rats  above  that  in  the  prenatal  con- 
trols is  31.4  per  cent. 

These  results  are  quite  in  accord  with  those  obtained  in  postnatal 
inanition,  although  less  marked.  In  postnatal  inanition  the  strongest 
growth  capacity  of  the  eyeball  is  exhibited  in  newborns  underfed  from 
birth  to  an  average  of  sixteen  days  (Stewart,  1919),  the  increase  being 
146  per  cent  (Table  6).  This  growth  capacity  of  the  eyeball  during 
inanition  then  decreases  somewhat,  but  rises  again  in  older  rats 
and  persists  in  animals  underfed  up  to  one  year  of  age.  In  older  rats 
(adults),  in  both  acute  and  chronic  inanition,  the  eyeballs  lose  slightly 
in  weight  according  to  Jackson  (1915).  He  suggests  that  this  remark- 
able capacity  of  the  eyeball  to  continue  its  growth  during  inanition 
may  be  due  to  its  power  to  absorb  water,  which  makes  up  so  large  a 
proportion  of  its  composition. 

Thymus. — In  my  normal  newborns,  the  average  weight  of  the  thy- 
mus is  O.0070  gm.  or  0.14  per  cent  of  the  body-weight,  4.92  gm. 
Stewart  (1919)  gives  the  weight  of  the  thymus  in  the  newborn  as 
0.0079  gm.  or  0.15  per  cent  of  the  body-weight — 5.03  gm.  The  Wistar 
norm  (Donaldson,  1915)  is  0.0080  gm.,  body-weight,  4.9  gm. 

In  my  prenatal  controls  the  thymus  forms  0.11  per  cent,  0.13  per 
cent,  0.13  per  cent,  0.13  per  cent,  and  0.12  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  thymus  in  the  prenatal  controls  is  slightly  lower 
than  in  the  normal  newborn  rat. 

In  my  test  rats  the  thymus  forms  0.08  per  cent,  0.09  per  cent. 
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0.11  per  cent,  0.11  per  cent,  and  0.10  per  cent  of  the  body  weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
thymus  forms  a  much  smaller  part  of  the  body-weight  in  the  test  rats 
than  in  the  pienatal  controls;  that  is,  its  growth  has  been  retarded  in 
the  test  rats.  This  is  more  clearly  brought  out  by  a  comparison  of  the 
absolute  weights.  In  Group  1  the  absolute  weight  of  the  thymus,  in 
the  test  rats,  is  29  per  cent  below  thstt  of  the  prenatal  controls;  in 
Group  2,  33  per  cent  below;  in  Group  3,  12  per  cent  below;  in  Group 
4,  16  per  cent  below;  and,  in  Group  5,  15  per  cent  below,  averaging  21 
per  cent  below  for  all  groups.  Thus  it  is  seen  that  the  growth  of  the 
thymus  is  considerably  retarded  in  the  rat  fetus  during  inanition  of 
the  mother. 

These  results  also  agree  with  the  loss  of  weight  (hunger  involution) 
of  the  thymus  in  cases  of  postnatal  inanition.  Jonson  (1909),  in  young 
rabbits,  kept  at  constant  body-weight  by  underfeeding  for  four  weeks, 
found  the  weight  of  the  thymus  to  be  reduced  to  one-thirtieth  of  that 
in  the  controls,  the  greatest  loss  of  weight  being  in  the  cortex.  He  also 
found  that  the  reduction  in  weight  of  the  thymus  was  proportionate 
to  the  loss  of  the  body-fat.  This  reduction  in  weight  of  the  thymus 
in  rabbits  is  much  more  marked  than  that  obtained  by  Jackson  and 
Stewart  on  rats.  Jackson^^  (1915)  found  a  loss  of  90  per  cent  in  the 
thymus  in  young  rats  held  at  maintenance  from  the  age  of  three  weeks 
to  ten  weeks  and  also  in  young  rats  underfed  ten  weeks  to  eight 
months.  Stewart  (1918  and  1919)  found  losses  of  80  per  cent,  30 
per  cent,  and  49  per  cent,  respectively,  in  the  weights  of  the  thymus 
in  young  rats  underfed  from  birth  to  ten  weeks,  from  birth  to  three 
weeks,  and  held  at  birth-weight  for  sixteen  days.  Jackson^®  (1915) 
found  no  marked  change  in  the  weight  of  the  thymus  in  cases  of  acute 
and  chronic  inanition  in  adult  rats,  at  which  age  involution  of  the 
thymus  had  already  occurred.  The  thymus  normally  reaches  its 
maximum  absolute  weight  in  the  rat  at  eighty-five  days  (Hatai,  1914) 
and  at  one  year  it  has  undergone  a  complete  age  involution  (Jackson, 
1913). 

Heart. — In  my  normal  newborns,  the  average  weight  of  the  heart 
is  0.027  gm.  or  0.55  per  cent  of  the  body-weight,  4.92  gm.  Jackson 
(1913)  gives  its  weight  in  the  newborn  as  0.030  gm.  or  0.65  per  cent 
of  the  body-weight,  5.08  gm.  Stewart  (1918a)  gives  a  weight  of  0.031 
gm.,  or  0.61  per  cent  of  the  body-weight,  5.03  gm. 

In  my  prenatal  controls  the  weight  of  the  heart  forms  0.49  per  cent, 


2S» 

Digitized  by  Google 


EFFECTS   OF   INANITION   IN   THE   PREGNANT   ALBINO   RAT         619 

0.52  per  cent,  0.49  per  cent,  0.50  per  cent,  and  0.44  per  cent  of  the 
body- weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  the  relative  weight  of  the  heart  in  the  prenatal  controls  is  con- 
siderably less  than  in  the  normal  newborn  rat. 

In  my  test  rats  the  weight  of  the  heart  forms  0.55  per  cent,  0.5S  per 
cent,  0.54  per  cent,  0.53  per  cent  and  0.49  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  heart  in  the  test  rats  is  slightly  higher  than  in  the 
prenatal  controls.  The  relative  weight  in  both  the  test  rats  and  prena- 
tal controls  is  less  than  that  in  the  normal  newborn  rats.  It  is  also 
evident  that  in  both  the  prenatal  controls  and  test  rats  the  relative 
weight  of  the  heart  is  greater  in  the  smaller  as  compared  with  the  larger 
rats. 

The  absolute  weight  of  the  heart  is  constantly  higher  in  the  test 
rats  than  in  the  prenatal  controls,  the  difference  being  most  marked 
in  Group  1  (Table  5)  in  which  the  heart  weight  in  the  test  is  17  per 
cent  higher  than  that  in  the  prenatal  controls.  This  difference,  how- 
ever, is  not  so  pronounced  in  the  other  groups,  averaging  for  all  groups 
8  per  cent  above  in  the  test  rats. 

This  gain  in  heart-weight  in  prenatal  starvation  agrees  with  the 
results  of  Stewart  (1919),  who  noted  a  gain  of  26  per  cent  in  absolute 
weight  of  the  heart  in  test  rats  kept  at  a  birth-weight  of  about  5  gm. 
for  an  average  of  sixteen  days.  However,  in  another  series  (Stewart, 
1918)  starved  from  birth  to  three  weeks  (body- weight  10  gm.),  the  heart 
showed  a  loss  of  5  per  cent.  In  still  another  group,  underfed  from  birth 
to  ten  weeks  (body-weight  24  gm.),  Stewart  (1918)  found  a  gain  of  27 
per  cent  in  the  weight  of  the  heart.  In  slightly  older  rats,  underfed 
for  various  periods,  the  heart  loses  slightly  (Jackson,^*  1915;  Stewart, 
1918),  while  in  adult  rats  the  heart  shows  a  decided  loss  in  both  acute 
and  chronic  inanition  (Jackson,  1915). 

Lungs. — Jackson  (1913)  gives  the  absolute  weight  of  the  lungs  as 
0.078  gm.  or  1.6  per  cent  of  the  body-weight,  5.1  gm.  The  Wistar 
norm  (Donaldson,  1915)  is  0.079  gm.,  or  1.6  per  cent  of  the  body-weight, 
4.9  gm.  In  my  newborn  controls  the  weight  of  the  lungs  is  0.073  gm., 
or  1.5  per  cent  of  the  body-weight,  4.92  gm. 

In  my  prenatal  controls  the  lungs  form  2.8  per  cent,  2.7  per  cent, 
2.3  per  cent,  2.0  per  cent  and  2.1  per  cent  of  the  body- weight  in  Groups 
1  to  5,  respectively  (computed  from  Table  5).  Thus  the  relative 
weight  of  the  lungs  is  markedly  higher  in  the  prenatal  controls  than  in 
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the  normal  newborn  rats.     This  difference  in  relative  weight  is  great- 
est in  the  smaller  rats  and  decreases  as  the  birth-weight  is  approached. 

In  my  test  rats  the  lungs  form  1.2  per  cent,  1.5  per  cent,  1.4  per 
cent,  1.5  per  cent  and  1.3  per  cent  of  the  body- weight  in  Groups  1  to  5, 
respectively  (computed  from  Table  5).  Thus,  in  the  test  rats  the 
lungs  have  a  relative  weight  which  is  about  that  of  the  normal  newborn 
rat,  whereas  in  the  prenatal  controls  the  relative  weight  is  approxi^ 
mately  double  that  at  birth. 

The  absolute  weight  of  the  lungs  in  the  test  rats  is  54  per  cent,  44 
per  cent,  40  per  cent,  23  per  cent  and  36  per  cent  below  that  of  the 
prenatal  controls  in  Groups  1  to  5,  respectively,  averaging  39.4  per 
cent  below  for  all  groups.  It  is  interesting  to  note  that  in  the  range 
of  the  individual  weights  the  largest  lungs  in  the  test  rats  about  equal 
in  size  the  smallest  in  the  controls. 

This  lack  of  ability  of  the  lungs  to  grow,  manifested  by  a  subnormal 
weight  during  prenatal  inanition,  agrees  with  the  results  obtained  in 
the  postnatal  starvation  experiments  (Table  6).  Stewart  (1919)  found 
a  slight  gain  (3  per  cent)  in  the  lungs  of  rats  underfed  from  birth  to  an 
average  of  sixteen  days.  On  underfeeding  from  birth  to  three  weeks, 
and  from  birth  to  ten  weeks  of  age,  the  lungs  showed  a  loss  of  26  per 
cent  in  both  series  (Stewart,  1918).  Jackson^^  (1915)  found  that  the 
lungs  lose  15  per  cent  in  rats  starved  from  the  age  of  three  weeks  to 
ten  weeks.  He  also  found  a  loss  of  13  per  cent  in  the  lungs  in  a  group 
underfed  between  the  ages  of  ten  weeks  and  eight  months.  Stewart 
(1918),  however,  found  the  lungs  in  rats  underfed  from  an  age  of  three 
weeks  to  one  year  to  gain  in  weight  28  per  cent  (probably  pathologic). 
Jackson^*  (1915)  found  that  the  lungs  show  a  tendency  to  lose  weight 
in  adult  rats  in  both  acute  and  chronic  inanition  and  that  this  loss  of 
weight  is  about  in  proportion  to  the  loss  of  the  body  as  a  whole.  Con- 
sequently, it  may  be  concluded  that  the.  lungs  exhibit  a  very  weak 
growth  tendency  during  prenatal  as  well  as  during  postnatal  con- 
ditions of  inanition. 

Liver, — The  Wistar  norm  (Donaldson,  1915)  for  the  liver  of  the 
newborn  rat  is  0.205  gm.,  with  a  body-weight  of  4.9  gm,  Stewart 
(1919)  gives  the  weight  as  0.245  gm.  or  4.9  per  cent  of  the  body-weight, 
5.03  gm.  Jackson  (1913)  finds  a  weight  of  0.230  gm.  or  4.3  p>er  cent  of 
the  body -weight.  In  my  newborns  the  weight  of  the  liver  is  0.250  gm. 
or  5.1  per  cent  of  the  body-weight,  4.92  gm. 

In  my  prenatal  controls  the  liver  forms  9.1  per  cent,  8.7  per  cent. 
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7.8  per  cent,  8.1  per  cent  and  7.7  per  cent  of  the  body-weight  in  Groups 
1  to  5,  respectively  (computed  from  Table  5).  Thus  the  relative 
weight  of  the  liver  in  the  prenatal  controls  markedly  exceeds  that  of 
the  normal  newborn  rat.  This  difference  in  relative  weight  decreases, 
however,  as  the  normal  birth-weight  is  approached. 

In  my  test  rats  the  liver  forms  4.1  per  cent,  4.5  per  cent,  4.6  per 
cent,  4.9  per  cent,  and  4 . 4  per  cent  of  the  body-weight  in  Groups  1  to  5, 
respectively  (computed  from  Table  5).  In  the  smaller  test  rats,  the 
liver  forms  a  relatively  smaller  precentage  of  the  body-weight  than  in 
the  normal  newborns.  In  the  prenantal  controls,  however,  the  liver 
forms  a  much  higher  relative  percentage  of  the  body-weight  than  in 
either  the  normal  newborns  or  in  the  test  rats. 

In  the  test  rats  the  absolute  weight  of  the  liver  is  markedly  sub- 
normal in  all  the  groups  (Table  5),  averaging  45  per  cent  below  that  of 
the  prenatal  controls  In  the  range  of  the  individual  weights  in  the 
same  groups  the  highest  weight  for  the  liver  in  the  test  rats  is  much 
below  the  lowest  weight  in  the  prenatal  control.  Thus  in  prenatal 
inanition  the  growth  of  the  liver  is  markedly  retarded,  reaching  an 
absolute  weight  of  approximately  one-half  that  of  the  prenatal  controls. 

In  postnatal  inanition,  Stewart  (1919)  found  that  the  liver  loses 
23  per  cent  in  rats  held  at  a  constant  weight  from  birth  to  an  average  of 
sixteen  days  (Table  6).  In  two  other  groups  underfed  from  birth  to 
three  weeks,  and  from  birth  to  ten  weeks,  he  found  that  the  liver  gains 
in  weight  17  per  cent  and  64  per  cent,  respectively.  Jackson^®  (1915), 
in  young  rats  underfed  from  the  age  of  three  weeks  to  ten  weeks,  found 
a  gain  of  10  per  cent  in  the  liver- weight.  In  rats  starved  for  a  longer 
period,  or  where  it  was  begun  later,  the  liver  shows  a  loss  of  weight 
(Jackson, i»  1915;  Stewart,  1918).  Jackson^*  (1915)  found  that  the 
liver  loses  markedly  in  cases  of  acute  and  chronic  inanition  in  adult 
rats. 

Thus  it  would  seem  that  in  prenatal  life  and  for  a  period  up  to 
several  days  after  birth,  the  liver  during  inanition  has  a  very  weak 
growth  tendency,  which  becomes  stronger  after  the  first  week  of 
postnatal  life  and  persists  up  to  six  weeks  or  two  months  of  age,  then 
decreases  until  it  is  very  weak  again  as  the  adult  stage  is  approached. 

Spleen. — ^The  Wistar  norm  (Donaldson,  1915)  for  the  spleen  in 
the  newborn  rat  is  0.008  for  a  body-weight  of  4.9  gm.  Jackson  (1913) 
gives  the  weight  of  the  spleen  as  0.010  gm.,  or  0.22  per  cent  of  the 
body- weight.     Stewart  (1919)  finds  the  weight  to  be  0.011  gm.,  or 
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0.22  per  cent  of  the  body-weight,  5.03  gm.  In  my  normal  newborns 
the  average  weight  of  the  spleen  is  0.010  gm.,  or  0.20  per  cent  of  the 
body-weight,  4.92  gm. 

The  spleen  in  the  prenatal  controls  forms  0.08  per  cent,  0.08  per 
cent,  0.13  per  cent,  0.14  per  cent,  and  0.15  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively,  while  in  the  test  rats  in  the  correspond- 
ing groui)s  it  forms  0.12  per  cent,  0.12  per  cent,  0.16  per  cent,  0.17  per 
cent,  and  0.21  per  cent  of  the  body-weight  (computed  from  Table  5). 
Thus  the  spleen  in  the  prenatal  controls  forms  a  much  smaller  pro- 
portion of  the  body- weight  than  it  does  in  the  normal  newborn;  that 
is,  in  the  rat  fetus  the  spleen  is  at  first  relatively  small  (0.08  per  cent 
of  body-weight  in  a  2.19-gm.  fetus),  but  gradually  increases  in  size 
up  to  shortly  before  birth  (0.15  per  cent  of  the  body  weight  in  a  4.19- 
gm.  fetus),  when,  in  order  to  reach  its  normal  relative  percentage  of 
the  newborn  body- weight,  it  must  increase  rapidly  in  size  (an  increase 
from  0.15  per  cent  to  0.22  per  cent  of  the  body-weight  while  the  fetus 
is  growing  from  4.19  gm.  to  5.0  gm.). 

Jackson  (1909)  in  referring  to  the  human  fetus  says: 

"The  spleen  is  at  first  relatively  small,  but  increases  slowly  to  an  average  of  0.176  per 
cent  of  the  whole  body  in  the  seventh  month.  About  this  time  it  appears  to  increase 
rapidly  in  relative  size,  averaging  over  0.4  per  cent  in  the  eighth  and  ninth  months.  In 
the  full-term  still-born  (143  cases)  the  spleen  averages  0.82  per  cent  of  the  total  body- 
weight,  and  in  the  live-born  (101  cases)  0.43  per  cent." 

Lowrey  (1911)  finds  practically  the  same  course  of  growth  in  the 
spleen  of  the  pig  fetus. 

Thus  it  appears  that  the  prenatal  growth  of  the  spleen  in  the  rat  is 
similar  to  that  observed  in  the  human  and  the  pig.  In  all  three 
animals  the  spleen  apparently  develops  a  strong  growth  tendency 
shortly  before  birth.  This  probably  explains  the  increase  in  the 
relative  weight  of  the  spleen  in  the  test  rats.  Since  the  test  rats  have 
a  longer  time  in  the  uterus,  this  late  growth  tendency  in  the  spleen  has 
more  opportunity  to  develop  than  in  the  prenatal  controls. 

The  absolute  weight  of  the  spleen  in  the  test  rats  is  constantly 
higher  than  that  in  the  prenatal  controls  in  all  the  groups  (Table  5), 
averaging  34  per  cent  above. 

This  growth  of  the  spleen  during  prenatal  inanition  agrees  very  well 
with  the  results  obtained  during  postnatal  starvation.  Stewart 
(1919)  found  the  spleen  to  gain  38  per  cent  in  rats  kept  at  birth-weight 
for  an  average  of  sixteen  days  of  age.     In  another  series  (Stewart, 
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1918)  underfed  from  birth  to  three  weeks  of  age,  the  spleen  lost  49 
per  cent.  In  a  third  series,  starved  from  birth  to  ten  weeks  of  age, 
the  spleen  gained  24  per  cent.  Jackson^*  (1915)  found  the  spleen  to 
lose  42  per  cent  in  rats  starved  from  three  weeks  of  age  to  ten  weeks. 
In  two  series  starved  during  later  periods  (Jackson,*®  1915;  Stewart, 
1918)  there  was  no  material  change  in  its  weight. 

In  adult  rats  in  chronic  inanition  the  reduction  in  the  weight  of  the 
spleen  is  about  the  same  as  that  for  the  whole  body,  while  in  acute 
inanition  the  loss  is  much  greater  (Jackson,"  1915). 

Intestines, — ^The  intestines,  with  their  contents,  have  an  average 
weight  of  0.141  gm.  and  form  3.0  per  cent  of  the  body-weight  (4.92 
gm.)  in  my  normal  newborns.  The  empty  intestines  have  an  average 
weight  of  0.062  gm.  or  1.3  per  cent  of  the  body-weight. 

In  my  prenatal  controls  the  intestines  with  contents  form  1.6  per 
cent,  1.9  per  cent,  1.9  per  cent,  2.4  per  cent,  and  2.3  per  cent  of  the 
body-w^eight  (computed  from  Table  5).  Thus  the  relative  weight  of 
the  intestines  with  contents  is  considerably  less  in  the  prenatal  controls 
than  in  the  normal  newborn  rat,  the  difference  decreasing,  however, 
as  the  prenatal  control  fetuses  approach  their  birth-weight. 

In  my  test  rats  the  intestines  with  contents  form  1.8  per  cent 
2.2  per  cent,  2.5  per  cent,  2.4  per  cent,  and  2.4  per  cent  of  the  body- 
weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  the  relative  weight  of  the  intestines  with  contents  is  slightly 
higher  in  the  test  rats  than  in  the  prenatal  controls. 

The  empty  intestines  in  my  prenatal  controls  form  0.64  per  cent, 
0.75  per  cent,  0.76  per  cent,  0.93  per  cent,  and  1.60  per  cent  of  the 
body-weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  it  is  evident  that  the  relative  weight  of  the  empty  intestines  is 
lower  in  the  fetus,  increasing  progressively  up  to  birth. 

In  my  test  rats  the  empty  intestines  form  0.60  per  cent,  0.71  per 
cent,  0.95  per  cent,  0.82  per  cent,  and  0.90  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Therefore 
the  relative  weight  of  the  empty  intestines  in  the  test  rats  is  slightly 
less  than  that  of  the  prenatal  controls. 

The  absolute  weight  of  the  intestines  with  contents,  in  the  test 
rats,  exceeds  that  of  the  prenatal  controls  in  Groups  1,  2,  3,  and  5  by 
24  per  cent»  17  per  cent,  31  per  cent,  and  2  per  cent,  respectively.  In 
Group  4  the  absolute  weight  is  0.06  per  cent  lower  in  the  test  rats. 
From  the  foregoing  it  is  evident  that  the  intestinal  contents  in  the 
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smaller  test  rats  markedly  exceeds  that  of  the  smaller  prenatal  controls 
(fetuses),  this  difference  disappearing  in  the  larger  rats,  that  is,  as  the 
normal  birth-weight  is  approached. 

The  absolute  weight  of  the  empty  intestines,  however,  in  the  test 
rats  of  Groups  1  and  2  is  below  that  of  the  prenatal  controls,  3  per 
cent  and  5  per  cent,  respectively.     In  Group  3  in  the  test  rats  it  is 

27  per  cent  above,  and  in  Groups  4  and  5  it  is  12  per  cent  and  16  per 
cent  respectively  below  that  of  the  controls;  averaging  2  per  cent 
below  in  the  test  rats  for  all  groups.  This  difference  in  absolute 
weight  is  slight  and  may  be  due  to  the  diflBculty  of  removing  the 
intestinal  contents  in  a  uniform  manner.  It  is  difficult  to  explain  on 
any  other  premises  why  the  absolute  weight  of  the  intestines  with 
contents  in  the  test  rats  should  exceed  that  of  the  controls  by  15  per 
cent  while  below  them  2  per  cent  in  absolute  weight  when  empty. 
Jackson^®  (1915),  however,  in  underfed  young  rats,  found  an  increase 
in  the  intestinal  contents,  while  the  empty  intestines  lost  in  weight. 
Since  the  full  stomach  in  my  test  rats  weighs  3.7  per  cent  less  than  that 
of  the  prenatal  controls,*  there  may  be  a  passage  of  stomach  contents 
into  the  intestines,  with  a  possible  increase  of  meconium  and  mucus 
in  the  older  rats  (test),  which  may  account  for  the  increase  in  the 
absolute  weight  of  the  full  intestines  in  the  test  rats. 

There  may  be  a  retardation  of  the  growth  of  the  intestines  during 
prenatal  inanition  while  the  stomach  increases  slightly  in  weight. 
However,  on  account  of  the  irregularities  of  the  results  obtained,  it 
would  be  hazardous  to  venture  any  definite  conclusion. 

It  has  been  found,  however,  that  in  postnatal  inanition  the  gastro- 
intestinal tract  taken  as  a  whole  manifests  a  marked  growth  capacity 
in  rats  starved  shortly  after  birth.  Stewart  (1919)  found  that  the 
intestines  gained  40  per  cent  in  weight  in  rats  kept  at  a  constant 
birth-weight  for  an  average  of  sixteen  days.  In  two  other  groups, 
underfed  from  birth  to  three  weeks  of  age  and  from  birth  to  ten  weeks 
of  age,  Stewart  (1918)  found  that  the  gastro-intestinal  tract  gained 
17  per  cent,  and  100  per  cent,  respectively. 

Jackson^^  (1915)  also  found  that  the  gastro-intestinal  tract  gained 

28  per  cent  in  rats  underfed  from  the  age  of  three  weeks  to  ten  weeks. 
However,  in  cases  of  chronic  inanition  in  rats  underfed  f;pom  the  age  of 
three  weeks  to  one  year  (Stewart,  1918)  and  from  the  age  of  ten  weeks 
to  eight  months  (Jackson^*,  1915),  there  is  a  loss  in  the  gastro-intestinal 
tract  of  27  per  cent  and  26  per  cent,  respectively. 
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In  adult  rats,  during  both  acute  and  chronic  inanition,  there  is  a 
marked  decrease  in  the  gastro-intestinal  tract,  both  filled  and  empty, 
the  loss  being  about  57  per  cent  in  each  group  (Jackson,^®  1915). 
Stomach, — ^As  described  under  the  section  on  materials  and 
methods,  the  stomach  in  the  test  rats  and  controls  was  weighed  as  a 
separate  organ,  instead  of  being  included  with  the  intestines  and 
pancreas  as  the  gastro-intestinal  group.  However,  the  stomach  and 
intestines  were  removed  and  weighed  full,  and  empty,  in  a  group  of  four 
normal  newborn  rats  (average  body- weight  5.0  gm.).  The  average 
weight  of  the  stomach  and  intestines  with  their  contents  was  0.317  gm. 
Their  weight,  empty,  was  0.128  gm.,  a  value  which  agrees  very  well 
with  that  of  Jackson  (1913),  who  gives  their  weights  with  and  without 
contents  as  0.297  gm.  and  0.117  gm.  respectively. 

The  full  stomach  in  my  normal  newborns  had  an  average  weight  of 
0.1198  gm.  (2.4  per  cent  of  body-weight  4.92  gm.).  The  empty 
stomach  weighed  0.020  gm.  or  0.41  per  cent  of  the  body-weight.  Hatai 
(1918)  gives  the  weight  of  the  empty  stomach  as  0.030  gm.  or  0.70  per 
cent  of  the  body-weight,  4.2  gm.  This  value  is  considerably  higher 
than  mine,  probably  due  to  a  variation  in  technic. 

In  my  prenatal  controls,  the  full  stomach  forms  0.7  per  cent,  1.5  per 
cent,  1.5  per  cent,  1.2  per  cent,  and  1.8  per  cent  of  the  body- weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  full  stomach  in  the  prenatal  controls  is  much  less 
than  that  in  the  normal  newborn  rat.  The  small  relative  weight  of  the 
full  stomach  in  Group  1  agrees  with  the  observations  of  Jackson  (1909) 
that  in  the  human  fetus  the  relative  weight  of  the  stomach  with 
contents  is  at  first  but  little  larger  than  that  for  the  empty 
stomach. 

The  full  stomach  in  my  test  rats  forms  1.9  per  cent,  1.5  per  cent, 
1.5  per  cent,  1.3  per  cent,  and  1.0  per  cent  of  the  body- weight  in 
Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  full  stomach  is  greater  in  the  smaller  test  rats, 
while  the  converse  is  true  of  the  prenatal  controls. 

The  absolute  weight  of  the  full  stomach  is  variable,  averaging  3.7 
per  cent  less  in  the  test  rats  than  in  prenatal  controls  (Table  5). 

The  empty  stomach  in  my  prenatal  controls  forms  0.31  per  cent, 
0.87  per  cent,  0.39  per  cent,  0.37  per  cent,  and  0.38  per  cent  of  the 
body -weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  the  relative  weight  of  the  empty  stomach  in  the  prenatal  controls 


Digitized  by  VjOOQ IC 


626  LEE    W.  BARRY 

is  slightly  less  than  that  of  the  normal  newborn  rat  the  difference  in 
relative  weight  being  most  marked  in  Group  1. 

In  my  test  rats  the  empty  stomach  forms  0.34,  per  cent,  0.38  per 
cent,  0.40  per  cent,  0.38  per  cent,  and  0.39  per  cent  of  the  body-weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus,  with 
the  exception  of  Group  1,  there  is  very  little  difference  in  the  relative 
weight  of  the  stomach  in  the  test  rats  and  in  the  prenatal  controls. 

In  the  largest  rats  (Group  5)  the  stomachs,  in  both  the  test  rats  and 
prenatal  controls,  has  practically  the  same  relative  weight  as  in  the 
normal  newborn  rats.  Thus  the  normal  relative  weight  of  the  stomach 
is  disturbed  very  little  by  prenatal  inanition.  The  stomach  in  the 
test  rats  shows  an  average  of  5.6  per  cent  in  absolute  weight  above  the 
prenatal  norms.  The  difference  is  most  marked  in  Group  1  (the 
smallest  rats),  where  the  absolute  weight  in  the  test  rats  is  15  per  cent 
above  that  of  the  controls  (Table    5). 

Pancreas. — In  postnatal  inanition  experiments  on  rats  no  direct 
observations  have  heretofore  been  made  on  the  weight  of  the  pancreas 
Therefore  no  comparisons  can  be  made  with  postnatal  results. 

Hatai  (1918)  gives  the  weight  of  the  pancreas  in  the  newborn  rat 
as  0.0193  gm.,  or  0.45  per  cent  body-weight,  4.25  gm.  In  my  normal 
newborns  the  weight  of  the  pancreas  is  0.0224  gm.,  or  0.45  per  cent 
body-weight,  4.92  gm. 

In  my  prenatal  controls  the  weight  of  the  pancreas  forms  0.35  per 
cent,  0.38  per  cent,  0.35  per  cent,  0.45  per  cent,  and  0.42  per  cent  of  the 
body-weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5) 
Thus,  in  the  smaller  prenatal  controls  (fetuses)  the  pancreas  has  a 
lower  relative  weight  than  in  the  larger  rats  (fetuses)  in  which  the 
pancreas  has  approximately  the  same  relative  weight  as  in  the  normal 
newborn  rat. 

In  my  test  rats  the  average  weight  of  the  pancreas  forms  0.31  per 
cent,  0.37  per  cent,  0.42  per  cent,  0.37  per  cent,  and  0.46  per  cent  of  the 
body -weight  in  Groups  1  to  5,  respectively  (computed  from  Table  5). 
Thus  in  the  test  rats,  as  in  the  prenatal  controls,  the  pancreas  in  the 
smaller  rats  forms  a  lower  percentage  of  body- weight  than  in  the 
larger  rats,  in  which  the  pancreas  has  a  relative  percentage  weight 
about  the  same  as  that  in  the  normal  newborn  rat,  but  the  weight  of  the 
pancreas  is  extremely  variable  in  its  individual  weight  and  average 
absolute  weight  throughout  all  the  groups  (Table  5). 

In  Group  1  the  absolute  weight  of  the  pancreas  in  the  test  rats  is 
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less  by  10  per  cent  than  in  the  prenatal  controls;  in  Group  2  it  is  2 
per  cent  less;  in  Group  3  it  is  20  per  cent  heavier;  in  Group  4,  16  per 
cent  lighter;  while  in  Group  5  it  is  9  per  cent  heavier.  The  average 
for  all  groups  shows  a  deficit  of  0.2  per  cent  in  the  test  rats.  From 
this  it  is  seen  that  the  weight  of  the  pancreas  is  variable.  Its  low 
weight  in  one  group  is  balanced  by  its  high  weight  in  another.  Pre- 
natal inanition  probably  has  very  little  effect  on  the  relative  weight 
of  the  pancreas,  as  its  average  weight  in  the  test  rats  is  but  0.2  per 
cent  below  that  in  the  prenatal  norms  for  the  various  groups. 

Suprarenals. — ^The  weight  of  the  suprarenals,  according  to  the 
Wistar  norm  (Donaldson,  1915),  is  0.0017  gm.  for  a  rat  of  5.1  gm.,  or 
0.034  per  cent  of  the  body-weight.  Jackson  (1913)  gives  the  weight 
of  the  suprarenals  in  the  newborn  as  0.0019  gm.  (0.00188),  or  0.039 
per  cent  of  the  body-weight.  In  my  normal  newborns  the  weight 
of  the  suprarenals  averages  0.0016  gm.  or  0.032  per  cent  of  the  body- 
weight,  4.92  gm. 

The  weight  of  the  suprarenals  in  my  prenatal  controls  forms  0.044 
per  cent,  0.050  per  cent,  0.048  per  cent,  0.049  per  cent,  and  0.045  per 
cent  of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5) .  Thus  the  relative  weight  of  the  suprarenals  in  the  prenatal 
controls  markedly  exceeds  that  of  the  normal  newborn  rat. 

In  my  test  rats  the  average  weight  of  the  suprarenals  forms  0.026 
per  cent,  0.023  per  cent,  0.022  per  cent,  0.024  per  cent,  and  0.024  per 
cent  of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5) .  Thus  it  is  evident  that  the  relative  weight  of  the  suprarenals 
in  the  test  rats  is  less  than  one-half  that  in  the  prenatal  controls. 
On  the  other  hand,  however,  their  relative  weight  in  the  prenatal 
controls  greatly  exceeds  their  relative  weight  at  birth.  Thus,  in 
the  prenatal  norm  fetuses  studied  (2.19  gm.  to  4.19  gm.),  the  supra- 
renals are  relatively  larger  than  at  birth.  They  are  probably  still 
larger,  relatively,  in  earlier  stages,  although  no  data  from  their  earlier 
size  in  the  rat  are  available.  Jackson  (1909)  found  that  in  the  human 
fetus  the  suprarenals  increase  rapidly  to  their  maximum  (relative 
volume)  in  the  third  fetal  month,  after  which  they  decrease  steadily 
in  relative  size. 

In  the  test  rats  the  suprarenals  show  an  average  weight  52  per 
cent  below  that  of  the  prenatal  controls  (Table  5).  The  excessively 
weak  growth-tendency  of  the  suprarenals  during  fetal  inanition  can 
not  be  explained  as  due  to  any  peculiarity  of  their  normal  growth  in 
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rats  at  this  time,  for,  as  shown  above,  the  prenatal  controls  maintain 
a  nearly  constant  relative  (percentage)  weight  during  this  period. 

In  postnatal  inanition  Stewart  (1919)  found  that  in  rats  kept  at 
birth-weight  for  16  days  the  suprarenals  gained  5  per  cent  in  absolute 
weight  over  newborn  controls,  but  with  longer  periods  of  starvation 
(underfed  from  birth  to  three  weeks,  body  weight  10  gm.),  he  found 
that  the  suprarenals  increased  markedly  in  weight  (60  per  cent  and 
114  per  cent,  respectively). 

Jackson^ *>  (1915)  also  found  that  the  suprarenals  manifested  a 
marked  growth-tendency  in  young  rats  underfed  from  the  age  of  three 
weeks  to  ten  weeks,  the  suprarenals  gaining  26  per  cent.  Stewart 
(1918),  in  chronic  inanition  in  young  rats,  found  that  the  suprarenals 
gained  48  per  cent  in  absolute  weight,  while  Jackson^*  (1915)  found 
that  the  suprarenals  lost  during  chronic  inanition  (26  per  cent).  In 
adult  rats  there  is  very  little  or  no  loss  of  absolute  weight  of  the  supra- 
renals during  either  acute  or  chronic  inanition  (Jackson,^®  1915). 

From  these  observations  it  would  appear  that  the  suprarenals  in 
the  rat  have  a  weak  growth-tendency  during  inanition  in  prenatal  life 
and  that  it  is  still  slight  up  to  sixteen  days  of  age,  reaching  its  maxi- 
mum at  a  period  between  this  time  and  ten  weeks,  and  declining  there- 
after. 

Kidneys, — ^Jackson  (1913)  found  the  kidneys  in  the  newborn  rat  to 
weigh  0.46  gm.  or  0.97  per  cent  of  the  body-weight.  The  Wistar 
norm  (Donaldson,  1915)  for  the  kidneys  in  the  newborn  is  0.48  gm., 
or  0.97  per  cent  of  the  body-weight,  4.95  gm.;  in  my  normal  newborns 
the  weight  of  the  kidneys  is  0.46  gm.  or  0.94  per  cent  of  the  body- 
weight,  4.92  gm. 

In  my  prenatal  controls  the  weight  of  the  kidneys  forms  0.58  per 
cent,  0.63  per  cent,  0.54  per  cent,  0.71  per  cent  and  0.70  per  cent  of  the 
body-weight  in  Groups  1  to  5  respectively  (computed  from  Table  5). 
Thus  in  the  prenatal  controls  the  relative  weight  of  the  kidneys  is  less 
than  that  in  the  normal  newborn  rats.  The  difference  decreases, 
however,  from  the  small  to  the  larger  rats  (fetuses).  Therefore  it  is 
evident  that  in  the  rat  fetus  (from  2  gm.  to  4.1  gm.)  the  kidneys  are 
growing  faster  than  the  body  as  a  whole. 

In  my  test  rats  the  average  weight  of  the  kidneys  forms  0.56  per 
cent,  0.67  per  cent,  0.69  per  cent,  0.67  per  cent,  and  0.71  per  cent  of 
the  body-weight  in  Groups  1  to  5  respectively  (computed  from  Table 
5) .     There  is  very  little  difference  in  the  relative  weight  of  the  kidneys 
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in  the  test  rats  and  the  prenatal  controls,  but  in  neither  have  the 
kidneys  reached  the  relative  (percentage)  weight  of  the  body  which  is 
normal  at  birth.  In  both,  the  kidneys  are  growing  faster  than  the 
body  as  a  whole. 

The  absolute  weight  of  the  kidney  is  variable.  Comparing  the 
test  rats  and  the  prenatal  controls  (Table  5),  it  is  seen  that  in  some 
groups  the  absolute  weight  is  higher  in  the  test  rats,  in  others  in  the 
prenatal  controls.  This  makes  the  results  seem  of  questionable  signi- 
ficance. This  variability  can  not  be  attributed  to  errors  in  technic, 
however,  as  the  kidney  is  an  organ  easy  to  remove  and  clean.  In  the 
test  rats  the  absolute  weight  of  the  kidneys  shows  an  average  weight 
of  6  per  cent  above  the  prenatal  controls. 

This  increase  of  6  per  cent  in  the  absolute  weight  of  the  kidney 
during  prenatal  inanition  is  not  nearly  so  marked  as  that  noted  in 
young  rats  underfed  for  various  periods  after  birth.  Stewart  (Table 
6)  found  that  the  kidneys  showed  a  gain  of  90  per  cent  in  absolute 
weight  in  rats  kept  at  a  birth- weight  for  an  average  of  sixteen  days; 
this  gain  was  less  marked  if  the  underfeeding  was  prolonged  to  three 
weeks,  being  21  per  cent  (Stewart,  1918).  In  rats  underfed  from  birth 
to  ten  weeks  the  kidneys  showed  a  gain  of  38  per  cent.  In  rats  underfed 
from  the  age  of  three  weeks  to  ten  weeks,  however,  Jackson"  (1915) 
found  that  the  kidneys  increased  but  4  per  cent;  and  in  chronic  inanition 
in  young  rats,  where  the  starvation  was  begun  from  three  weeks  to 
ten  weeks  after  birth  and  continued  to  eight  months  or  one  year 
(Jackson,  ^*  1915;  Stewart,  1918),  the  kidneys  showed  a  slight  loss  in 
weight. 

In  both  acute  and  chronic  inanition  in  adult  rats  the  kidneys  lose 
in  weight  relatively  slightly  less  than  the  body  as  a  whole  (Jackson,^* 
1915). 

Testes  and  epididymides, — The  Wistar  norm  (Donaldson,  1915)  for 
the  weight  of  the  testes  in  the  newborn  rat  is  0.004  gm.  or  0.081  pre  cent 
of  the  body-weight,  4.9  gm.  Stewart  (1919)  gives  the  weight  of  the 
testes  in  the  newborn  as  0.0027  gm.,  or  0.053  per  cent  of  the  body- 
weight,:  5. 08  gm.  In  my  normal  newborn  the  average  weight  of  the 
testes  is  0.0029  gm.,  or  0.060  per  cent  of  the  body-weight,  4.92  gm. 
There  are  no  prenatal  control  males  in  Group  1,  consequently  no 
testes  for  comparison. 

In  my  prenatal  controls  the  weight  of  the  testes  forms  0.050  per 
cent,  0.047  per  cent,  0.042,  per  cent  and  0.040  per  cent  of  the  body  in 
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Groups  2  to  5,  respectively  (computed  from  Table  5).  Thus  the 
relative  weight  of  the  testes  in  the  prenatal  controls  is  considerably 
less  than  that  in  the  newborn  rat.  It  is  to  be  noted  that  the  relative 
weight  is  higher  in  the  smaller  rats  and  decreases  as  the  birth-weight  is 
approached.  That  is,  the  testes  are  lagging  behind  the  body-growth  as 
a  whole.  In  order  to  reach  the  relative  weight  normal  for  the  testes 
at  birth,  there  must  necessarily  be  a  period  of  very  active  growth  in 
the  testes  just  before  birth,  in  fetuses  between  the  body- weights  of 
4.1  gm.  and  5  gm. 

In  my  test  rats  the  average  weight  of  the  testes  forms  0.030  per 
cent,  0.052  per  cent,  0.056  per  cent,  0.048  per  cent,  and  0.050  per  ceni: 
of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5).  Thus  the  relative  weight  of  the  testes  is  slightly  higher  in 
the  test  rats  than  in  the  prenatal  controls.  In  both,  however,  the 
relative  weight  of  the  testes  is  markedly  below  that  in  the  normal 
newborn  rat. 

The  absolute  weight  of  the  testes  in  the  test  rats  averages  16  per 
cent  above  the  prenatal  controls,  in  four  groups. 

In  postnatal  starvation,  the  testes  during  the  first  weeks  of  life 
manifest  a  remarkable  growth  tendency.  Stewart  (1919)  found  that 
the  absolute  weight  of  the  testes  in  rats  kept  at  a  constant  birth- 
weight  for  sixteen  days  exceeded  that  of  newborn  controls  by  374 
per  cent  (Table  6),  which  was  the  strongest  growth  tendency  ex- 
hibited by  any  organ  in  the  body.  In  rats  underfed  from  birth  to  three 
weeks,  the  increase  in  the  absolute  weight  of  the  testes  above  that  of 
controls  of  the  same  body-weight,  10  gm.,  is  less,  being  188  per  cent 
(Stewart,  1918).  In  a  longer  period  of  underfeeding,  birth  to  ten 
weeks,  the  testes  show  a  gain  in  weight  of  but  51  per  cent  (Stewart, 
1918);  while  in  underfeeding  from  three  weeks  of  age  to  ten  weeks  the 
testes  gain  34  per  cent  (Jackson,"  1915).  With  prolonged  starvation, 
however,  the  testes  may  lose  considerably  (Stewart,  1918),  or  may 
show  practically  no  change  (Jackson,"  1915), 

In  both  acute  and  chronic  inanition,  in  adult  rats,  the  testes  lose 
at  about  the  same  relative  rate  as  the  body  as  a  whole,  the  loss  being 
slightly  more  marked  in  chronic  inanition  (Jackson,"  1915). 

From  the  foregoing  it  appears  that  during  inanition  the  testes 
have  their  strongest  growth  tendency  just  after  birth,  and  that  this 
tendency  rapidly  decreases  with  the  age  of  the  rat.  The  weaker  growth 
tendency   before   birth   is   evidenced   by   the  weight   of  the  testes 
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during  prenatal  inanition,  which  is  only  16  per  cent  above  that  of  the 
prenatal  controls  of  the  same  body- weight. 

Stewart  (1919)  gives  the  weight  of  the  epididymides  as  0.0016 
gm.  in  the  newborn  rat,  body-weight  5.08  gm.  Hatai  (1918)  finds 
that  the  weight  Of  the  epididymides  is  0.0025  gm.  in  the  newborn, 
body-weight  of  4.4.  gm.;  in  my  normal  newborns  the  weight  of  the 
epididymides  was  0.0012  gm.,  body-weight  4.92  gm.  This  weight  is 
slightly  below  that  given  by  Stewart  and  is  less  than  half  the  value 
given  by  Hatai.  This  difference  is  probably  due  to  a  variation  in 
technic  used  in  cleaning  the  organ. 

There  were  no  male  prenatal  controls  in  Group  1  (Table  5). 
In  the  other  groups  the  absolute  weight  of  the  epididymides  in 
the  test  rats  is  considerably  above  that  of  the  prenatal  controls,  with 
the  exception  of  Group  3,  where  it  is  12  per  cent  below.  The  epididy- 
mides, however,  average  17  per  cent  higher  in  the  test  rats  of  the 
various  groups.  This  is  about  the  same  as  the  relation  noted  in  the 
testes. 

In  postnatal  inanition  the  epididymides,  like  the  testes,  show  their 
strongest  growth  tendency  shortly  after  birth  (Stewart,  1918,  1919); 
this,  however,  disappears  earlier  in  the  epididymides  than  in  the  testes 
(Table  6). 

Ovaries. — ^Jackson  (1913)  gives  the  weight  of  the  ovaries  in  the 
newborn  rat  as  0.00078  gm.,  body-weight  5.0  gm.  Stewart  (1919) 
found  their  weight  to  be  0.00110  gm.  in  the  newborn  with  a  body- 
weight  of  4.98  gm.  In  my  normal  newborns  the  weight  of  the  ovaries 
was  0.00060  gm.,  body-weight  4.98  gm.  This  lower  weight  for  the 
ovaries  in  my  series  is  probably  due  to  a  variation  in  technic,  since 
it  is  very  diflBcult  to  free  the  ovary  from  its  capsule  and  from  the 
fallopian  tube. 

The  data  on  the  ovaries  are  somewhat  irregular  and  conflicting 
(Table  5).  In  Groups  1  and  2  the  absolute  weight  of  the  ovaries  in 
the  test  rats  exceeds  that  in  the  prenatal  controls  by  68  per  cent  and 
6  per  cent,  respectively;  in  Group  3  it  is  37  per  cent  below;  in  Group 
4  it  is  2.5  i>er  cent  above;  in  Group  5,  33  per  cent  below.  The  average 
weight  is  1 .3  per  cent  higher  in  the  test  rats.  It  is  hazardous  to  draw 
any  conclusions  from  such  irregular  data,  but  probably  the  ovary 
is  very  little  affected  by  prenatal  inanition. 

It  is  interesting  to  note,  however,  that  the  ovaries  in  postnatal 
inanition,  in  general,  show  a  tendency  to  increase  in  weight.     This 
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tendency  is  very  slight  shortly  after  birth,  since  in  young  rats  kept  at 
a  constant  birth-weight  for  sixteen  days  the  ovaries  showed  a  gain  of 
but  5  per  cent  in  absolute  weight  above  the  controls  (Stewart,  1918a). 
In  rats  underfed  from  birth  to  three  weeks  the  ovaries  showed  a  gain 
of  83  per  cent,  and  in  rats  starved  from  birth  to  ten  weeks  the  gain  is 
54  per  cent,  (Stewart,  1918).  In  rats  kept  at  a  constant  body-weight 
from  three  weeks  to  ten  weeks  of  age  the  ovaries  lose  27  per  cent 
(Jackson,^*  1915).  In  longer  periods  of  inanition  Stewart  (1918) 
found  a  gain  of  17  per  cent  in  the  weight  of  the  ovaries,  while  Jackson^' 
(1915)  found  a  loss  of  54  per  cent.  It  should  be  remarked,  however, 
that  Jacksoii  began  the  underfeeding  at  ten  weeks  instead  of  at  three 
weeks,  as  in  Stewart's  series. 

From  these  data  it  may  be  concluded  that  in  prenatal  life  and  up  to 
a  few  days  after  birth,  the  growth  tendency  in  the  ovary  during  inan- 
ition is  very  slight;  but  that  it  soon  reaches  a  maximum  at  a  period 
between  two  weeks  and  three  weeks  of  age,  declining  later. 

Thyroid, — The  Wistar  norm  (Donaldson,  1915)  foi  the  weight  of 
the  thyroid  gland  is  0,00145  gm.,  or  0.027  per  cent  ofthe  body-weight, 
5.1  gm.  Jackson  (1913)  gives  the  weight  of  the  thyroid  as  0.0012  gm, 
body-weight  5.1  gm.  In  my  normal  newborn  series  the  thyroid 
weighed  0.0011  gm,  or  0.022  per  cent  of  the  body-weight,  4.92  gm. 

In  my  prenatal  controls  the  weight  of  the  thyroid  forms  0.040 
per  cent,  0.030  per  cent,  0.032  per  cent  0.029  per  cent,  and  0.029  per 
cent  of  the  body-weight  in  Groups  1  to  5,  respectively  (computed  from 
Table  5).  Thus  in  the  prenatal  controls  the  thyroid  forms  a  relatively 
higher  percentage  of  the  body-weight  than  in  the  normal  newborn. 
Since  the  relative  weight  of  the  thyroid  decreases  as  the  birth-weight 
is  approached,  it  is  evident  that  the  body  as  a  whole  is  growing  faster 
than  the  thyroid. 

In  my  test  rats  the  thyroid  forms  0.024  per  cent,  0.020  per  cent 
0.023  per  cent,  0.021  per  cent  and  0.016  per  cent  of  the  body- weight 
in  Groups  1  to  5,  respectively  (computed  from  Table  5).  Thus  in  the 
test  rats  the  thyroid  has  about  the  same  relative  weight  as  in  the  nor- 
mal newborn  rat  and  a  lower  relative  weight  than  in  the  prenatal 
controls. 

That  the  thyroid  has  been  inhibited  in  its  growth  in  the  test  rats 
is  evident  from  a  comparison  of  the  absolute  weights  (Table  5).  The 
absolute  weight  of  the  thyroid  in  the  test  rats  is  33  per  cent,  28  per 
cent,  11  per  cent  29  per  cent  and  45  per  cent  less  than  that  in  the  pre- 
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natal  controls  in  Groups  1  to  5,  respectively.  Thus,  the  absolute 
weight  of  the  thyroid  is  lower  in  all  the  groups,  the  average  being  29 
per  cent. 

In  postnatal  inanition  the  thyroid  exhibits  a  tendency  to  gain 
slightly  in  weight  in  rats  held  at  maintenance  from  birth  to  sixteen 
days,  or  starved  from  birth  to  three  weeks,  or  from  birth  to  ten  weeks 
(Stewart,  1918, 1919) .  In  longer  periods  of  starvation  the  thyroid  loses 
quite  markedly  (Jackson,^®  1915;  Stewart,  1918). 

In  adult  rats,  diuring  acute  inanition,  the  thyroid  suffers  very  little 
or  no  loss  in  weight,  while  during  chronic  inanition  it  loses  relatively 
less  than  the  body  as  a  whole  (Jackson,**  1915). 

DISCUSSION 

A  comparison  of  the  similarities  and  differences  in  the  growth  of  the 
various  organs  and  systems  in  both  prenatal  and  postnatal  inanition 
is  so  well  shown  in  Table  6  that  a  detailed  discussion  is  deemed  unnec- 
essary.    However,  special  attention  will  be  called  to  certain  points. 

In  the  systems  (Table  6)  the  "remainder"-  is  constantly  above  nor- 
mal in  weight  in  prenatal  inanition,  while  in  postnatal  inanition  it 
shows  a  definite  loss  at  various  periods  throughout  the  life  of  the  rat. 

The  visceral  group  as  a  whole  is  subnormal  m  weight  during  pre- 
natal inanition.  In  postnatal  inanition,  however,  it  shows  a  marked 
tendency  to  gain  in  weight  in  the  younger  rats  (underfed  from  birth  to 
an  average  of  sixteen  days,  and  from  birth  to  ten  weeks,  Stewart,  1918, 
1919).  When  the  underfeeding  is  begun  at  threfe  weeks  of  age,  the 
visceral  group  shows  a  slight  gain  or  just  maintains  a  growth  equal  to 
that  of  the  controls.  In  cases  of  prolonged  underfeeding  in  the  young 
rats,  under  one  year  of  age,  and  in  adult  life,  the  visceral  group  shows 
a  decided  loss.  It  should  be  noted,  as  before  mentioned,  that  the  gain 
or  loss  in  the  visceral  group  during  inanition  is  dominated  by  a  loss  or 
gain  in  weight  of  certain  large  organs,  such  as  the  liver,  lungs, 
gastro-intestinal  tract,  and  brain.  In  postnatal  inanition  the  gain  in 
the  visceral  group  compensates  for  tlfe  loss  in  the  "remainder,"  while 
in  prenatal  inanition  the  converse  is  true.  Thus  it  is  evident  that  the 
strongest  growth  tendency  manifested  by  the  visceral  group  during 
inanition  is  at  a  period  just  after  birth  and  that  it  becomes  progres- 
sively weaker  thereafter. 

The  musculature  has  a  subnormal  weight  in  prenatal  inanition 
and  shows  but  a  slight  gain  (musculature  and  skeleton  combined)  in 
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rats  underfed  from  birth  to  an  average  of  sixteen  days  of  age  (Stewart, 
1919).  It  is  in  rats  underfed  from  birth  to  three  weeks  of  age  that  the 
musculature  manifests  its  greatest  gain.  This  tendency  to  gain  is 
present,  but  weaker,  in  rats  underfed  for  longer  periods  (Jackson," 
1915;  Stewart,  1918).  In  both  acute  and  chronic  inanition  in  adult 
rats  the  musculature  loses  in  about  the  same  proportion  as  the  body  as 
a  whole  (Jackson,^®  1915).  It  is  evident,  therefore,  that  the  growth 
tendency  in  the  musculature  during  inanition  in  the  rat  is  w^eakest 
before  birth,  slightly  stronger  just  after  birth,  and  strongest  at  a  period 
between  birth  and  three  weeks  of  age,  declining  thereafter. 

The  skeleton  has  a  subnormal  weight  during  prenatal  inanition  and 
shows  a  very  slight  gain  in  rats  starved  from  birth  to  an  average  of 
sixteen  days.  In  young  rats  underfed  for  longer  periods,  up  to  adult 
life,  the  skeleton  shows  a  marked  tendency  to  gain.  During  inanition 
in  adult  rats  the  skeleton  shows  very  little  change  in  weight.  Thus 
the  growth  tendency  manifested  by  the  skeleton  during  inanition  is 
weakest  before  birth  and  slightly  stronger  from  birth  to  sixteen  days 
of  age.  At  three  weeks' of  age,  however,  it  is  quite  strong,  increasing 
slightly  toward  adult  life.  It  thus  appears  that  the  growth  tendency 
manifested  during  inanition  develops  at  a  relatively  later  period  in  the 
skeleton  than  in  the  musculature,  but  persists  longer  in  the  former. 

The  integument  manifests  a  moderately  strong  growth  tendency 
during  prenatal  inanition  and  just  after  birth  in  rats  underfed  to  an 
average  of  sixteen  days  of  age.  In  rats  underfed  from  birth  to  three 
weeks  of  age  the  integument  shows  no  gain,  and  in  rats  starved  for 
longer  periods  it  shows  a  constant  loss  in  weight. 

In  postnatal  inanition  thQ  organs  as  a  general  rule  manifest  their 
strongest  growth  tendency  in  the  youngest  rats  (underfed  from  birth 
to  an  average  of  sixteen  days;  Stewart,  1919).  The  liver,  suprarenals 
and  ovaries  are  exceptions  to  this  rule.  The  liver  loses  markedly  at 
this  period  as  compared  with  a  gain  at  later  periods.  The  suprarenals 
and  ovaries  show  a  very  slight  gain  as  compared  with  marked  gain  in 
later  periods. 

With  but  few  exceptions,  those  organs  which  show  the  most  marked 
gain  in  the  newborn  rats  (underfed  from  birth  to  sixteen  days)  during 
postnatal  inanition  are  also  above  normal  in  prenatal  inanition.  The 
spinal  cord  is  the  only  exception.  Also,  all  the  organs  which  show  a 
loss  or  only  a  slight  gain  in  the  newborn  rats  during  postnatal  inan- 
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ition  (excepting  the  indefinite  "remainder'')  are  subnormal  in  weight 
in  prenatal  inanition. 

It  should  be  noted  that  the  organs  and  systems  that  are  above  the 
normal  weight  in  prenatal  inanition  have  apparently  a  lower  growth 
capacity  than  that  shown  in  postnatal  inanition  just  after  birth  (Table 
6),  while  those  organs  and  systems  which  are  below  normal  weight  in 
prenatal  inanition  (with  the  exception  of  the  thymus)  suffer  a  greater 
loss  than  in  postnatal  inanition.  From  the  foregoing  it  is  evident  in 
general  that  the  organs  and  systems  of  the  rat  have  a  weaker  growth 
tendency  during  prenatal  than  during  postnatal  inanition. 

The  present  investigations,  therefore,  emphasize  the  fact  that  in 
different  periods  in  the  life  of  the  rat  certain  organs  and  parts  react 
differently,  as  manifested  by  their  growth  during  inanition.  This  is 
probably  due  mainly  to  the  varying  intensity  of  the  normal  growth 
tendency  in  the  organs  and  parts  at  different  periods. 

Jackson  and  Stewart  (1918)  have  called  attention  to  the  fact  that 
during  inanition  in  the  rat  the  varying  intensity  of  the  growth  tendency 
in  the  different  organs  and  systems  depends  on  four  factors:  (1)  the 
duration  of  the  period  of  inanition,  (2)  the  age  at  which  it  occurs,  (3) 
its  severity,  and  (4)  the  character  of  the  inanition. 

In  prenatal  inanition  the  duration  is  known  (period  of  starvation 
of  mother).  The  age  is  known  (length  of  gestation).  The  severity 
is  apparently  that  sufficient  to  retard  the  growth  of  the  entire  body, 
an  average  of  40  per  cent  as  compared  with  normal  newborn  controls. 
Attention  may  be  called  to  the  fact  that  some  of  the  apparent  differ- 
ences in  the  growth  tendencies  of  the  organs  and  parts  during  prenatal 
and  postnatal  inanition  may  be  due  to  the  difference  in  the  relative 
retardation  of  the  body-growth.  That  is,  while  the  body-growth 
(average)  was  retarded  40  per  cent  in  prenatal  inanition,  it  was  re- 
tarded 66  per  cent  in  Stewart's  (1918a)  series  in  starvation  just  after 
birth.  The  real  nature  of  the  inanition,  that  is,  the  amount  of  reduc- 
tion in  the  various  nutritive  substances  reaching  the  fetus  during 
starvation  of  the  mother,  is  unknown.  The  exact  character  of  the 
inanition  to  which  the  fetus  is  subjected  is,  therefore,  uncertain. 
However,  from  the  nature  of  the  changes  in  the  relative  weight  of  the 
organs  and  parts,  it  may  be  stated  that  the  maternal  organism  during 
starvation  in  pregnancy  makes  extraordinary  efforts,  as  is  well  known, 
to  keep  up  the  necessary  supplies  of  nutritive  substances  to  the  growing 
fetus  and  thus  protect  it  from  the  effects  of  inanition. 
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SUMMARY 


1.  Starvation  instituted  shortly  after  copulation  in  the  female 
albino  rat  apparently  results  in  an  inhibition  of  pregnancy  in  the 
majority  of  cases.  Whether  this  is  due  to  an  inhibition  of  the  im- 
planation,  or  to  death  of  the  ovum,  has  not  been  proved. 

2.  Of  fifty-nine  female  albino  rats  starved  from  the  eleventh  day 
after  copulation,  early  death  of  the  fetus  in  uiero  occurred  in  three 
cases.  Microscopic  examination  of  the  swellings  in  the  uterine  horns 
revealed  a  mass  of  degenerating  tissue,  with  no  evidence  of  any  fetal 
structures. 

3.  The  length  of  gestation  in  the  mothers  starved  during  the  last 
half  of  pregnancy  varied  from  twenty-one  days  to  twenty-six  days. 
Eight  of  the  twenty-two  total  were  above  the  twenty-three  day  normal 
limit,  six  with  a  gestation  period  of  twenty-four  days,  one  of  twenty- 
five,  and  one  of  twenty  six.  The  average  period  of  gestation  was 
twenty-three  days,  or  one  day  above  the  normal  average. 

4.  No  abortions  or  premature  deliveries  were  observed  in  any  of 
the  underfed  rats. 

5.  Of  a  total  of  120  newborn  from  mothers  starved  during  the  last 
half  of  pregnancy,  forty-one  were  found  dead  after  delivery.  Whether 
these  were  dead  in  utero,  or  died  during  delivery  or  afterwards,  is 
uncertain,  since  at  birth  they  dropped  through  the  wire  bottom  of  the 
cage.  Those  living-born  that  were  inclosed  within  the  amniotic 
sac  died  of  suffocation.     Those  found  living  seemed  quite  vigorous. 

6.  The  average  number  of  observed  young  per  litter,  from  mothers 
starved  during  the  last  half  of  pregnancy,  was  5.9.  The  normal  aver- 
age number  of  young  per  litter  was  7.0  in  1,089  litters  (King  and  Stot- 
senburg,  1915). 

7.  A  condition  of  relative  sterility  apparently  results  in  females 
starved  during  the  last  half  of  pregnancy.  Of  the  total  number 
starved  but  four  became  pregnant  a  second  time. 

8.  The  average  weight  of  the  newborn  from  mothers  starved 
severely  during  the  last  half  of  pregnancy  was  approximately  3  gm.,  or 
40  per  cent  below  the  normal  birth-weight  of  5  gm. 

9.  There  was  no  constant  relation  between  the  percentage  loss  in 
weight  of  the  mother  and  the  weight  of  the  newborn.  In  general, 
however,  the  largest  females  showed  the  largest  relative  loss  in  weight 
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and  bore  the  largest  young;  and  the  weight  of  the  newborn  tends  to 
be  inversely  proportioned  to  the  severity  of  the  starvation. 

10.  A  prenatal  norm  for  the  various  systems  and  organs  was 
established  by  comparing  the  relative  weights,  at  the  various  fetal 
stages,  with  those  of  the  normal  newborn. 

11.  During  prenatal  inanition  the  tail  grows  in  length  faster  than 
the  remainder  of  the  body,  thus  giving  rise  to  relatively  long-tailed 
individuals. 

12.  Concerning  the  changes  in  the  general  body  proportions  during 
prenatal  inanition,  the  head  and  limbs  are  slightly  above  normal 
weight,  counterbalanced  by  a  lower  weight  in  the  trunk. 

13.  The  observations  on  the  various  systems  are  summarized  as 
follows:  The  "remainder"  has  a  weight  25  per  cent  higher  in  the  test 
rats  than  in  the  prenatal  controls.  The  integument  shows  a  weight 
averaging  10  per  cent  above  normal  in  the  test  rats.  The  musculature 
and  moist  skeleton  are  slightly  subnormal  in  weight  in  the  test  rats, 
being  5  per  cent  and  7  per  cent,  respectively  below  the  prenatal  norm. 
However,  the  dried  skeleton  in  the  test  rats  has  a  weight  12  per  cent 
above  the  prenatal  norm.  The  visceral  group,  as  a  whole,  has  a 
markedly  subnormal  weight  in  the  test  rats,  being  18  per  cent  below 
the  prenatal  norm.  This  is  due  chiefly  to  the  subnormal  weight  of 
the  liver  and  lungs.  The  low  weight  in  the  visceral  group  evidently 
compensates  for  the  high  weight  of  the  ** remainder." 

14.  The  weight  changes  observed  in  the  individual  organs  in  the 
test  rates  during  prenatal  inanition,  as  compared  with  normal  fetuses 
of  the  same  body-weight,  show  the  following  average  percentage 
differences  in  weight : 

Per  cent  Per  cent 

Brain -+-12  Intestines  with  contents -f  15 

Spinal  cord —  0.26  Intestines  empty —  2 

Eyeballs +31  Pancreas -  0.26 

Thymus —21  Suprarenals —52 

Heart -f  8  Kidneys , +6 

Lungs -39  Testes -+-16 

Liver —45  Epididymides +17 

Spleen +34  Ovaries +  1.3 

Stomach  with  contents —  4  Thyroid —29 

Stomach  empty +  6 

15.  In  general,  therefore,  it  may  be  stated  that  the  spleen,  eyeballs, 
epididymides,    testes,    and   brain   manifest   a   fairly    strong   growth 
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tendency  during  prenatal  inanition,  the  tendency  decreasing  in  the 
order  named.  A  slight  growth  tendency  is  manifested  by  the  heart, 
kidneys,  stomach,  and  ovaries,  decreasing  in  the  order  named.  A 
retardation  in  growth  during  prenatal  inanition  increasing  in  the  order 
named  is  shown  by  the  pancreas,  spinal  cord,  intestines,  thymus, 
thyroid,  lungs,  liver,  and  suprarenals. 

16.  In  general,  the  organs  and  systems  that  have  been  found  to 
gain  greatly  during  postnatal  inanition  (in  the  newborn  rats)  are, 
during  prenatal  inanition,  also  above  normal  weight,  but  to  a  much 
less  degree;  while  those  below  or  but  slightly  above  normal  weight 
during  postnatal  inanition  show  a  still  greater  loss  in  prenatal  inanition. 
Thus,  during  inanition,  the  growth  impulse  of  the  organs  appears  as  a 
rule  weaker  in  the  prenatal  than  in  the  postnatal  period.  It  should 
be  noted,  however,  that  the  exact  nature  of  the  prenatal  inanition  is 
somewhat  uncertain. 
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INTRODUCTION 

The  growth  of  the  human  central  nervous  system  has  long  been 
a  matter  of  interest  and  many  studies  on  this  subject  have  been 
published,  some  of  the  earlier  ones  dating  back  almost  a  century. 
These  investigations  have  given  us  a  general  knowledge  of  the 
growth  of  the  brain  as  a  whole  from  birth  to  maturity  and  have 
furnished  us  some  information  regarding  the  modifications  in 
absolute  and  relative  size  of  the  various  brain  parts  in  early  post- 
natal life. 
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Our  knowledge  of  the  growth  of  the  central  nervous  system  in 
the  prenatal  period  is  much  less  complete.  While  the  numerous 
studies  on  the  morphogenesis  of  the  brain  and  spinal  cord  in  the 
first  trimester  of  fetal  life  enable  us  to  draw  some  general  con- 
clusions concerning  the  early  prenatal  growth  of  these  structures, 
there  are  practically  no  quantitative  data  available  for  this  period. 
Data  on  the  later  prenatal  growth  of  the  brain  are  more  ex- 
tensive, and  a  smrvey  of  the  literature  gives  about  500  published 
records  of  the  weight  of  the  brain  between  the  third  fetal  month 
and  birth.  The  more  important  of  these  collections  are  those  of 
Rudinger  (77),  Brandt  ('86),  Amovljevi6  ('84),  Michaelis  ('06), 
Jackson  ('09),  and  Valtorta  ('09).  A  small  amount  of  this  ma- 
terial has  been  presented  in  graphic  form  by  Zangemeister  ('11). 
The  only  collection  of  records  of  the  weights  or  volumes  of  the 
various  parts  of  the  brain  in  fetal  life  seems  to  be  a  short  series 
of  figures  on  the  cerebrum,  cerebellum,  and  braiii  stem  published 
by  Valtorta  ('09). 

The  spinal  cord  has  received  far  less  attention  than  the  brain, 
doubtless  because  of  its  smaller  size  and  the  technical  difficulties 
of  its  removal.  Our  knowledge  of  the  growth  of  the  cord  in  post- 
natal life  is  very  incomplete,  being  limited  to  the  data  of  Pfeister 
( '03)  and  Danielbekoff  ( '85) .  Information  regarding  the  changes 
in  fetal  life  is  apparently  confined  to  a  study  by  Giese  ('98), 
published  as  a  St.  Petersburg  dissertation,  which  is  available  only 
in  abstract  at  the  present  time. 

The  following  study  was  imdertaken  with  the  hope  that  a  part 
of  this  large  gap  in  our  knowledge  of  human  growth  might  be 
•spanned  by  the  systematic  examination  and  measurement  of  the 
brain  and  spinal  cord  in  a  large  series  of  human  fetuses  ranging 
from  the  second  fetal  month  to  birth,  and  by  the  treatment  of 
these  data  by  some  of  the  more  modem  methods  of  statistical  and 
graphic  analysis.  The  work  was  done  imder  the  direction  of 
Dr.  R.  E.  Scammon,  to  whom  the  writer  is  very  much  indebted 
for  constant  advice  and  aid  throughout  the  entire  study. 
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MATERIAL  AND  METHODS 
Material 

The  material  used  in  this  study  consisted  of  156  human  fetuses. 
Fifty-foxir  of  these  specimens  were  males,  fifty-six  were  females, 
and  the  sex  of  forty-six  was  unknown.  The  specimens  ranged 
from  3.1  to  53.6  cm.  in  total  or  crown-heel  length  and  were  quite 
evenly  distributed  between  these  extremes.  At  least  one  speci- 
men was  available  for  each  centimeter  interval  of  crown-heel 
length  and  in  many  of  the  centimeter  intervals  below  30  cm.  there 
were  three,  four,  or  five  specimens.  All  of  the  material  wae 
selected  from  a  much  more  extensive  series  of  cases,  with  a  view 
to  securing  specimens  in  which  the  brains  were  well  preserved; 
however,  a  number  of  brains  which  were  rather  soft  were  used 
for  certain  measurements  which  were  not  affected  by  this  con- 
dition. 

The  great  majority  of  the  specimens  w^ere  fixed  in  10  per  cent 
formalin  to  which  1  per  cent  chromic  acid  had  been  added  in  some 
instances,  and  all  were  afterwards  preserved  in  10  per  cent  forma- 
lin. Five  specimens  of  the  entire  series  were  fixed  in  Zenker's  or 
Miiller's  fluid  and  were  subsequently  preserved  in  70  per  cent 
alcohol.  All  of  the  material  had  been  in  the  preservation  for  six 
months  or  more. 

The  effect  of  formalin  fixation  upon  the  fetal  brain  must  be 
known  in  order  to  interpret  the  data  correctly.  It  is  imfortimate 
that  no  comparison  has  been  made  between  fresh  and  preserved 
material.  The  fresh  brain  of  the  fetus  is  too  friable  for  any  deli- 
cate, quantitative  measurements  to  be  taken  upon  it.  Conse- 
quently, fixation  w^as  prerequisite  to  the  collection  of  the  material 
for  this  study. 

The  only  checks  upon  the  relationship  of  fixed  and  unfixed 
material  at  our  disposal  consist  of,  1)  the  determination  of  the 
effects  of  formalin  upon  the  size  of  the  fetal  body  and,  2)  the  re- 
lation of  the  curves  of  fresh  brain  weight  to  that  of  fixed  brain 
volume. 

Several  investigators  have  determined  the  effects  of  formalin 
fixation  on  the  fetus.    Patten  and  Philpott   ('21)   record  an 
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average  increase  in  the  crown-rump  length  of  4.8  per  cent  in  a 
series  of  twenty-two  pig  embryos  which  had  been  in  10  per  cent 
formalin  for  six  months.  Schultze  (^19)  reports  an  average  gain 
in  crown-rump  length  of  2.3  per  cent  in  a  group  of  eighteen  human 
fetuses  which  had  been  in  10  per  cent  formalin  for  nine  months. 
The  average  gain  in  head  length  and  head  breadth  of  the  same 
series  was  1.1  per  cent  and  5.2  per  cent,  respectively.  Calkins 
('21)  has  found  that  the  effect  of  fixation  on  the  several  diameters 
of  the  head  is  very  small  and  that  formahn  injection  causes  the 
greatest  part  of  this  by  a  distention  of  the  superficial  tissues  of 
the  scalp.  The  fetal  cranimn  increases,  therefore,  very  Uttle  in 
size  when  it  is  fixed  by  formalin.  The  brain,  on  the  other  hand, 
is  supposed  to  gain  greatly  in  volume.  King  ('10)  obtained  a 
percentage  gain  in  weight  of  from  30  to  50  when  the  brains  of 
several  white  rats  were  subjected  to  formalin  fixation.  Such  an 
increase  in  brain  weight  or  volume  could  take  place  in  the  fetus 
only  at  the  expense  of  the  dural  and  subdural  spaces,  since  the  cir- 
cumference and  the  diameters  of  the  fetal  head  are  but  Uttle 
affected.  However,  these  spaces  w^ere  found  to  be  quite  large  in 
most  of  the  preserved  specimens  in  this  series.  The  volume  of 
the  brain,  therefore,  could  not  have  been  increased  to  any  great 
extent. 

The  relationship  of  the  curve  of  fresh  brain  weight  to  that  of 
fixed  brain  volmne  can  be  compared  readily  by  tables  2  and  3. 
Table  2  shows  the  calculated  volume  of  the  central  nervous  system 
for  each  5  cm.  C  H  interval.  Table  3  sets  forth  the  empirically 
determined  values  for  weights  of  fresh  fetal  brains  collected  from 
the  literature.  In  each  respective  C  H  interval  the  weight  is  seen 
to  be  slightly  greater  than  is  the  volume.  This  difference  may 
be  caused  in  part  by  the  formalin  fixation,  but  the  greater  part 
seems  to  be  due  to  the  fact  that  midsagittal  sections  of  the  brain 
were  made  before  volumes  were  determined  and  that  intraven- 
tricular fluid  was  lost  by  this  procedure.  On  the  whole,  there- 
fore, it  is  doubtful  if  there  is  any  considerable  change  of  the  fetal 
brain  volume  upon  formalin  fixation. 

Five  cases  of  the  series  were  subjected  to  Zenker-  or  Miiller- 
alcohol  fixation  instead  of  formalin.    The  effects  of  various 
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fixing  fluids  upon  brain  tissues  have  been  determined  by  King 
('10)  and  Hrdlicka  C06).  The  work  of  King  was  done  upon  the 
brain  of  the  rat,  and  is  analogous,  in  all  probability,  to  the  effects 
of  the  fixing  fluids  upon  the  fetal  brain.  Calculated  from  her 
findings,  the  absolute  values  of  the  five  fetal  brains  subject  to 
Zenker-  or  MiiUer-alcohol  fixation  would  be  10  to  40  per  cent 
lower  than  the  brains  which  were  fixed  by  formalin.  Three  of  the 
fetal  brains  in  the  present  series  which  were  fixed  by  the  Zenker- 
or  Muller-alcohol  method  he  in  the  C  H  interval  of  5  to  10  cm. 
and  two  are  in  the  C  H  interval  of  10  to  15  cm.  A  glance  at 
figure  2  shows  that  these  cases  adhere  closely  to  the  central 
tendency.  Hrdlicka  subjected  the  brains  of  twenty-seven  mam- 
mals and  birds  to  10  per  cent  formalin  fixation.  Ten  sheep  brains 
showed  an  average  increase  of  13  per  cent  after  one  month  of 
fixation;  seven  brains  of  birds  an  average  gain  of  20  per  cent  and 
six  brains  of  various  mammals  about  24  per  cent.  He  left  the 
brains  in  10  per  cent  formalin  for  eighteen  months,  and  then 
found  that  they  had  decreased  in  size  to  about  92  per  cent  of 
their  original  weight. 

From  the  results  of  these  investigators  as  well  as  the  data  of 
this  series,  it  is  obvious  that  10  per  cent  formalin  fixation  has  a 
comparatively  slight  effect  upon  the  volumetric  determination  of 
the  fetal  brain. 

Methods  of  collecting  data 

The  magnitudes  and  proportions  of  the  various  parts  of  the 
central  nervous  system  were  determined  by  several  different 
methods — by  lineal  measurements,  by  weighing  and  determining 
the  volume  of  each  part,  by  making  tracings  of  median  sagittal 
sections,  and  by  photographing  the  lateral  surfaces  of  the  speci- 
mens. The  details  of  these  methods  and  the  descriptions  of  the 
measurements  taken  will  be  considered  separately. 

Lineal  measurements.  All  lineal  measurements  were  made  with 
a  steel  vernier  cahper,  which  could  be  read  accurately  to  1  mm. 
by  the  major  and  to  0.1  mm.  by  the  minor  scale.  They  were 
made  with  the  brain  and  spinal  cord  in  situ  and  always  represented 
the  shortest  distance  between  two  given  points. 
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Weight.  The  ponderal  determinations  were  made  on  a  scale 
accurate  to  0.01  gram.  Before  weighing  in  every  instance  the 
brain  part  was  stripped  of  its  meningeal  coverings  and  was  placed 
on  a  pad  of  dry  gauze  for  30  seconds  to  remove  approximately  the 
same  amount  of  surplus  fluid  in  each  case.  Weights  were  always 
taken  upon  preserved  material. 

Volumes.  The  volumetric  determinations  were  made  with  a 
special  apparatus  constructed  according  to  a  plan  suggested  by 
Prof.  L.  W.  Jones,  formerly  of  the  Department  of  Chemistry  of 
the  University  of  Minnesota.  A  sketch  of  this  device  is  shown  in 
figure  1.  It  consists  of  an  iron  chemical  stand  (A)  to  which  a 
clamp  (B)  is  attached.  This  clamp  holds  a  hard-rubber  stopper 
(C),  to  which  is  attached  a  slender  wire  (Z>)  about  15  cm.  in  length. 
A  small  disk  of  mica  about  1  cm.  in  diameter  slides  freely  on  this 
wire.  The  wire  is  suspended  in  a  jar  or  wide-mouthed  bottle 
(F)  which  has  a  spigot  at  its  base  and  which  is  partially  filled  with 
water.  In  using  the  apparatus  the  water  in  the  bottle  is  drawn 
off  imtil  the  mica  disk  which  floats  on  its  surface  touches  the  hair 
line  on  the  wire.  The  mass  to  be  measured  is  then  placed  in  the 
bottle  and  the  level  of  the  fluid  rises,  carrying  the  disk  with  it. 
The  water  is  then  drawn  off  into  a  beaker  of  known  weight  until 
the  mica  disk  has  sunk  again  to  the  level  of  the  hair  line  on  the 
wire.  The  beaker  with  the  contained  water  is  then  weighed  and 
the  known  weight  of  the  beaker  is  subtracted  from  the  total,  thus 
giving  the  weight  of  the  water  displaced  by  the  brain  part. 
After  the  proper  temperature  correction,  this  value  can  be  con- 
verted into  a  measure  of  volume.  With  practice  and  proper  pre- 
cautions, it  is  possible  to  determine  small  volmnes  quite  accurately 
with  this  apparatus.  When  working  with  small  bodies,  it  is  de- 
sirable to  use  a  bottle  with  a  capacity  of  not  over  30  to  40  cc. 
A  difference  of  approximately  0.1  cc.  in  volume  can  be  determined 
without  trouble  if  a  small  container  is  used. 

The  Uneal,  volumetric,  and  ponderal  determinations  made  were 
as  follows: 

1.  CH:  Crown-heel  length,  or  total  body  length;  from  the 
vertex  to  the  tip  of  the  heel. 

2.  C  R:  Crown-rump  length,  or  the  sitting  height;  from  the 
vertex  to  the  tip  of  the  coccyx. 
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3,  FO:  Fronto-occipital  diameter;  from  the  frontal  pole  to 
the  occipital  pole  of  the  cerebral  hemisphere.  The  frontal  pole 
is  defined  as  that  point  where  the  anterior,  lateral,  and  inferior 
surfaces  of  the  frontal  lobes  meet.     In  large  brains,  in  situ,  this 


Fig.  1  A  figure  representing  the  volumetric  apparatus  used  in  the  collection 
of  data.  Af  iron  standard;  B,  clamp;  C,  stopper;  D,  wire;  E,  movable  isinglass 
disk;  F,  bottle  with  spigot.    The  arrow  indicates  a  hair  line  upon  the  wire. 

point  is  adjacent  to  the  crista  gaUi.  The  occipital  pole  is  defined 
as  that  point  where  the  posterior,  lateral,  and  the  interior  sur- 
faces of  the  occipital  lobes  meet. 

4.  TT:  Temporal  diameter;  from  the  right  temporal  pole 
to  the  left  temporal  pole  of  the  cerebral  hemispheres.  The 
temporal  pole  is  defined  as  the  most  lateral  point  on  the  anterior 
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projection  of  the  temporal  lobe.  This  point  becomes  less  defi- 
nite in  large  fetuses,  but  can  still  be  recognized  with  sufficient 
accxu'acy. 

5.  FS:  Frontospinal  length;  from  the  frontal  pole  of  the 
cerebral  hemisphere  to  the  point  of  origin  of  the  first  cervical 
nerve.  This  measurement  was  taken  to  the  middle  of  the  body 
of  the  first  cervical  vertebra,  for  it  was  sometimes  difficult  to 
identify  the  first  cervical  nerve  because  of  error  in  securing  exact 
midsagittal  sections  of  the  brain  and  the  spinal  cord. 

6.  SC:  Spinal  cord  length;  from  the  point  of  origin  of  the 
first  cervical  nerve  to  the  tip  of  the  conus  medullaris;.the  meas- 
urement was  piade  with  cord  in  situ. 

7.  BC:  Brain  and  cord  length;  the  sum  of  S  C  (6)  and 
F  S  (5). 

8.  PL:  Pons  length;  the  greatest  inferior  length  of  the  pons. 

9.  C  L:  CoUiculi  length;  from  the  most  anterior  point  of  the 
superior  colliculus  to  the  most  posterior  point  of  the  inferior 
colliculus. 

10.  V  L:  Vermis  length;  the  greatest  length  of  the  vermis 
cerebelU  parallel  with  the  axis  of  the  pons  and  medulla. 

11. "*  VH:  Vermis  height;  the  greatest  height  of  the  vermis 
cerebelli  perpendicular  to  the  long  axis  of  the  pons  and  medulla. 

12.  V  S  C:  Volume  of  the  spinal  cord;  cord  taken  from  the 
first  cervical  nerve  to  the  tip  of  the  conus  medullaris  and  freed 
of  meninges  and  nerve  roots. 

13.  VPM:  Volume  of  the  pons  and  medulla;  pons  and 
medulla  cut  posteriorly  at  the  first  cervical  nerve  and  anteriorly 
just  in  front  of  the  pons,  meninges  removed. 

14.  VMB:  Volume  of  the  midbrain;  the  midbrain  was  cut 
just  in  front  of  the  pons  posteriorly  and  just  in  front  of  the 
superior  coUiculi  and  through  the  pedunculi  cerebri  behind  the 
mammillary  bodies  anteriorly,  meninges  removed. 

15.  V  C :  Volume  of  the  cerebellum;  the  velimi  medullaris  was 
severed  anteriorly  and  posteriorly  to  free  the  cerebellum  from  the 
pons  and  medulla,  meninges  removed. 

16.  VRH:  Volume  of  the  right  hemisphere,  meninges  re- 
moved. 
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17.  VLH:  Volume  of  the  left  hemisphere,  menmges  re- 
moved. 

18.  V  B  H :  Volimae  of  both  hemispheres:  computed  by  adding 
VRH  (16)  and  VLH  (17). 

19.  V  E  B :  Voliune  of  the  entire  brain  or  encephalon  computed 
by  adding  13,  14,  15,  16,  and  17.  This  method  was  found  to  be 
more  accurate  in  dealing  with  the  soft  brains  than  to  take  the 
actual  volumes  of  all  the  parts,  because  of  the  possible  loss  of 
brain  tissue  in  handling. 

20.  V  C  N  S:  Volume  of  the  central  nervous  system;  found 
by  adding  the  volume  of  the  spinal  cord  (12)  to  the  entire  brain 
or  encephalon  volmne  (19). 

The  ponderal  determinations  corresponding  to  the  voliunetric 
measurements  were  taken  and  are  included  in  table  41. 

Methods  of  treating  data 

While  the  accuracy  of  data  of  the  kind  here  presented  depends 
upon  the  nature  of  measures  employed  and  the  care  with  which 
these  measures  are  determined,  their  significance  can  only  be 
ascertained  by  the  use  of  a  variety  of  methods  of  graphic  and 
numerical  analysis.  A  number  of  these  methods  have  been  used 
in  the  present  study.  They  may  be  arranged  in  order  of  pro- 
cediu-e  in  five  main  groups,  namely:  1)  Construction  of  field 
graphs  with  points  of  central  tendency  and  establishment  of  pre- 
liminary curves  by  inspection.  2)  Reduction  of  these  prelimi- 
nary curves,  as  established  by  inspection,  to  empirical  fomulae 
based  on  total  body  length,  and  construction  of  primary  data 
tables.  3)  Calculation  of  values  at  5-cm.  intervals  of  body 
length,  calculation  of  absolute  and  percentage  increments  for 
each  5-cm.  interval  of  body  length,  calculation  of  newborn  ratios 
for  each  5-cm.  interval  of  body  length,  and  expression  of  these 
values  in  the  graphic  form.  4)  Conversion  of  the  various  values 
as  determined  by  empirical  formulae  from  fimctions  of  the  body 
length  to  functions  of  the  age  in  fetal  months  by  interpolation  on 
the  basis  of  Mall's  ('12)  tables  of  crown-heel  length  in  fetal  life. 
Determination  of  the  monthly  percentage  and  absolute  increment 
on  the  basis  of  these  conversions;  graphic  expression  of  these 
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values.  5)  Determinations  of  the  relative  weights  of  the  various 
parts  of  the  central  nervous  system  as  compared  to  that  of  the 
encephalon.  These  several  methods  of  analysis  will  now  be  con- 
sidered in  more  detail. 

1.  Construction  of  field  graphs  and  establishment  of  preliminary 
curves  by  inspection.  The  data  secured  for  each  measurement  of 
the  central  nervous  system  were  first  plotted  on  a  field  graph  in 
which  the  length  of  the  body  (C  H)  was  used  for  the  abscissa  and 
the  measurement  in  question  for  the  ordinate.  The  material  was 
then  divided  into  classes  on  the  basis  of  5-cm.  intervals  of  crown- 
heel  length  and  the  arithmetic  mean  or  average  and  the  median 
were  determined  for  each  of  these  classes.  These  means  were  then 
indicated  in  the  graphs  by  special  symbols,  their  exact  position 
being  determined  by  weighting  for  the  distribution  of  the  cases 
according  to  crown-heel  length  in  the  5-cm.  intervals.  A  pre- 
liminary curve  was  then  drawn  by  inspection  on  the  basis  of  the 
combined  evidence  furnished  by  the  position  of  the  arithmetic 
mean,  the  median,  and  the  general  distribution  of  the  cases.  This 
method  has  distinct  advantages  over  the  practice  of  establishing 
curves  of  inspection  on  the  basis  of  the  arithmetic  mean  alone, 
particularly  in  those  instances  where  a  curve  is  rising  rapidly  in 
a  single  interval  or  where  the  cases  are  not  regularly  distributed. 
The  use  of  both  the  arithmetic  mean  and  the  median  enables 
one  to  correct  for  chance  deviations  in  the  mean  alone  with  con- 
siderable confidence,  particularly  when  the  cases  are  all  spread 
before  one  on  the  field  graph. 

2.  Reduction  of  preliminary  curves  of  inspection  to  numerical 
expression  by  means  of  empirical  formulae.  The  curve  of  each 
value  as  determined  by  inspection  was  reduced  to  numerical  ex- 
pression in  the  form  of  an  empirical  formula  on  the  crown-heel 
or  total  length  of  the  body  expressed  in  cm.  This  procedure  in 
no  way  increases  the  reUability  of  the  curve  as  determined  by 
inspection  nor  does  it  increase  the  accuracy  of  the  points  upon 
which  it  is  based,  but  it  has  several  important  advantages,  for  it 
permits  an  accxu'ate  and  abbreviated  expression  of  the  curve, 
faciUtates  exact  interpolation  and  the  conversion  of  values  into 
different  scales  and  forms  of  expression,  and,  in  some  cases,  aids 
in  classifying  the  curves  as  to  form. 
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The  empirical  formulae  expressing  the  curves  obtained  from  the 
material  are  of  several  types.  As  certain  of  the  Uneal  dimensions 
of  the  brain  are  straight  lines  when  plotted  against  crown-heel 
length,  they  may  be  expressed  by  the  formula: 

Y  ^aX  +  b 
where  Y  is  the  value  in  question  expressed  in  cm.,  X  is  the  crown- 
heel  length  in  cm.,  and  a  and  b  are  empirically  determined  con- 
stants. 

The  growth  of  other  lineal  dimensions  of  the  central  nervous 
system  is  not  so  simply  related  to  the  lineal  growth  of  .the  body 
as  a  whole  and  the  expression  of  this  relation  is  more  complex. 
But  all  may  be  represented  by  formulae  having  the  general  form: 

Y  =  (aX)^  ±c 

where  Y  is  the  value  in  question  (in  cin.),  X  is  the  crown-heel 
length  of  the  body  (in  cm.),  and  a,  6,  and  c  are  empirically  de- 
termined constants,  b  being  a  fractional  exponent.  Ciures  cor- 
responding to  formulae  of  this  type  may  also  be  expressed  fairly 
satisfactorily  in  the  logarithmic  form: 

Y  ^aX  +blogX  dzc 
which  will  be  recognized  as  the  formula  which  Hatai  employed 
with  great  success  in  the  study  of  the  growth  of  the  various  organs 
of  the  albino  rat  and  which  is  regarded  by  him  as  of  f imdamental 
importance  as  exemplifjdng  the  appUcation  of  the  law  of  Mau- 
pertuis  to  the  process  of  growth.  However,  the  exponential  form 
has  been  found  the  more  convenient  for  appUcation  in  the  pres- 
ent work. 

The  formulae  for  the  expression  of  the  inspected  curves  of 
volumes  of  the  various  parts  of  the  central  nervous  system  have 
as  their  simplest  form: 

Y  =  (aX)» 
which  is  modified  in  certain  instances  to: 

Y  =  (aX)»  zb  c 
and  in  others  to: 

Y  =  d[(aX)*dbc] 
In  these  formulae  Y  is  the  value  in  question  in  cc,  X  is  the  crown- 
heel  length  in  cm.,  and  a,  b,  c,  and  d  are  constants,  b  being  always 
an  exponent  with  a  value  greater  than  1. 
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Having  obtained  calculated  values  for  the  different  measure- 
ments imder  consideration,  tables  of  each  dimension  were  drawn 
up  in  some  detail.  These  are  tables  1,  3,  7,  9,  11,  13,  15,  17,  19, 
21,  23,  25,  27,  29,  31,  33,  36,  38  of  the  present  pubUcation.  In 
each  of  these  is  given  the  crown-heel  length  in  5-cm.  intervals, 
the  average  crown-heel  length,  the  maximum,  minimum,  and 
arithmetic  mean  (average)  of  the  considered  measurement  in  the 
interval,  the  calculated  mean  for  the  same  measurement,  and  the 
absolute  difference  between  the  calculated  and  the  observed 
means.  Both  the  calculated  and  observed  means  are  recorded 
to  the  nearest  milUmeter  for  length  and  to  the  nearest  0.1  cc.  for 
volumes  in  these  tables. 

3.  Calculation  of  secondary  tables.  Secondary  determinations 
made  on  the  basis  of  the  above  calculations  are  included  in  tables 
2,  4,  5,  6,  10,  12,  14,  16.  These  include  the  absolute  value  of 
each  measurement,  as  determined  by  calculation  with  the  em- 
pirical formula,  for  each  5  cm.  of  body  length  from  5  to  55  cm., 
and  the  percentage  and  the  absolute  increment  of  these  values 
for  each  5-cm.  interval  between  these  points.^  Included  in  these 
tables  is  also  the  ratio  of  the  calculated  value  of  the  measurement 
at  each  5  cm.  of  the  total  body  length  to  the  calculated  value  of 
the  new-bom.  It  was  assumed  that  the  value  at  50  cm.  of  crown- 
heel  length  represented  the  new-bom  and  the  calculated  values 
for  the  5-cm.  points  below  50  are  expressed  in  per  cents  of  this 
one.  The  reduction  of  values  to  this  common  scale  is  of  great 
convenience,  since  it  permits  their  direct  comparison  regardless 
of  their  absolute  magnitudes. 

4.  Conversion  of  the  various  values  from  functions  of  the  crown- 
heel  length  to  functions  of  the  age  in  fetal  (lunar)  months.  This  was 
done  by  calculating  the  values  by  means  of  the  empirical  formulae 

1  The  percentage  increment  was  determined  in  the  customary  manner.  The 
absolute  value  at  the  beginning  of  an  interval  is  subtracted  from  the  absolute 
value  at  the  close  of  the  same  interval.  The  result  is  divided  by  the  absolute 
value  at  the  beginning  of  the  interval  and  the  quotient  thus  obtained  is  mul- 
tiplied by  100  in  order  to  reduce  it  to  a  percentage  basis.  The  percentage  in- 
crement is  the  only  simple  form  of  expression  of  relative  growth  now  in  use  which 
is  at  all  satisfactory.  However,  it  gives  only  a  rough  approximation  of  the  actual 
rate  of  growth  in  a  given  interval. 
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from  Mall's  tables  of  the  relation  of  crown-heel  length  to  age  m 
prenatal  life  (Keibel  and  Mall,  Human  Embryology,  vol.  1,  p. 
199).  The  results  obtained  by  this  procedxu'e  are  not  to  be 
regarded  as  final,  for  the  exact  relation  between  body  length  and 
age  in  fetal  life  is  still  open  to  question.  They  are  included,  how- 
ever, because  they  give,  in  a  rough  way  at  least,  some  concept 
of  the  relation  of  the  growth  of  the  central  nervous  system  to 
time  in  the  prenatal  period  and  because  they  aid  in  the  inter- 
pretation of  its  percentage  increment.  Since  Mall's  table  stops 
at  270  days,  it  has  been  extended  by  graphic  exterpolation  to 
ten  full  limar  months  (280  days)  and  the  length  at  this  age  (51.5 
cm.)  was  considered  as  the  norm  for  the  new-bom  in  this  type 
of  calculation.  The  monthly  percentage  increments  of  the  prin- 
cipal volumetric  determinations  were  calculated  secondarily  from 
the  values  obtained  in  this  manner.  They  are  shown  in  table  42. 
6.  Determination  of  the  relative  weights  of  the  various  parts  of  the 
central  nervous  system  in  terms  of  per  cents  of  the  encephalon  is  an 
obvious  procedure  which  needs  no  particular  description.  The 
results  obtained  are  shown  in  table  40. 

SUMMARY  OF  OBSERVATIONS 
Growth  of  the  central  nervous  system  as  a  whole 

The  curve  of  the  absolute  volume  of  the  central  nervous  system 
(fig.  2),  when  based  upon  crown-heel  or  total  body  length,  is  con- 
cave Hke  all  other  curves  of  volume  growth  of  the  fetal  organs. 
It  may  be  expressed  by  the  empirical  formula: 
Central  nervous  system  volume  (cc.)  =  [0.114  (C    H   length 

cm.)]'"  +  2.0 

The  absolute  volume  of  the  central  nervous  system  is  about 
7  cc.  at  10  to  15  cm.  (C  H).  This  increases  steadily  to  36  cc. 
at  25  cm.  (C  H),  and  is  then  deflected  upward  sharply  to  reach 
337  cc.  at  50  cm.  (C  H). 

When  calculated  according  to  age  in  fetal  months,  the  absolute 
volimae  of  the  central  nervous  system  (fig.  34,  curve  I)  is  foimd  to 
be  2  cc.  at  the  beginning  of  the  third  month,  rising  to  36  cc.  at  the 
beginning  of  the  sixth  month,  and  to  about  340  cc.  at  birth. 
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The  rate  of  growth  of  the  volume  of  the  central  nervous  system 
as  determined  by  the  5-em.  interval  percentage  increment 
(page  413),  (fig.  26,  curve  I)  is  approximately  120  per  cent  for  the 
lO-to-15-cm.  interval  and  descends  gradually  to  about  40  per 
cent  for  the  50-to-55-cm.  interval. 


TABLE  1 
Volume  of  the  cerUrcU  nervous  system 
Formula:  Volume  of  the  central  nervous  system  (cc.)  " 

length  cm.)l»-"  +  2.0 
(146  cases) 


[0.114  (crown-heel 


CBOVN-RBBL  LBNQTH 

OBSBBVBD  YOLXTMB  Or 
CBNTBAL  NBBVOU8  8T8TBM 

CALCULATBO 
VOLUMB  OP 

▼OU8  BrSTBM 

DIFPBBBNCB 

BBTWBBN 

OB8BBVBO  A.ND 

CALCrLATBO 

MBAXTB 

KDMBBB 

Raace 

Mean 

Mazi- 
mum 

Mini- 

Mean 

orcAaaa 

Oto    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

cm. 

3.9 
7.2 
12.2 
16.8 
22.6 
27.1 
32.8 
37.2 
42.2 
48.0 
62.2 

cc. 

0.7 

2.4 

8.6 

22.5 

49.5 

65.4 

144.2 

222.8 

256.9 

412.5 

414.3 

cc. 

0.1 

0.6 

2.1 

3.0 

17.4 

24.7 

45.8 

102.2 

145.3 

207.0 

332.3 

cc. 

0.3 

1.3 

5.4 

12.5 

31.1 

46.9 

81.8 

141.4 

197.7 

306.0 

367.5 

ee. 

5.0 

10.8 

25.6 

45.3 

83.9 

126.7 

187.6 

294.0 

388.5 

ec. 

-0.4 

-1.7 

-5.5 

-1.6 

+2.1 

-14.7 

-10.1 

-12.0 

+21.0 

4 
12 
21 
16 
19 
12 
18 
17 
12 

8 

TABLE  2 

Calculated  volume  of  the  central  nervous  system  at  6-cm.  intervals  of  croum^heel  length 


OBOWN-HBBL  LBNGTH 

VOLT7UB  or  CBNTRAL 
NBBVOU8  BTBTBM 

ZNCBBMBMT  IN  BACK 
5-CM.  INTBBVAL 

RATIO  TO  RBW-BOBK 

em. 

5 

10 

ee. 

cc. 

peroant 

percent 

3.6 

1.1 

15 

8.0 

4.4 

122.0 

2.4 

20 

17.7 

9.7 

121.2 

5.3 

25 

35.0 

17.3 

97.6 

10.4 

30 

62.8 

27.8 

79.4 

18.6 

35 

103.5 

40.7 

65.0 

30.7 

40 

160.9 

57.4 

55.4 

47.7 

45 

•       237.3 

76.4 

47.5 

70.3 

50 

336.8 

99.5 

41.9 

100.0 

55 

462.2 

125.4 

37.2 

137.0 
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The  percentage  increment,  when  calculated  for  time,  is  about 
600  in  the  fourth  fetarmonth.  This  drops  to  185  in  the  fifth 
month  and  to  22  per  cent  in  the  tenth  month. 


4Z0 


Fig.  2  Field  graph  and  curve  of  the  growth  of  the  central  nervous  system  in 
fetal  life.  Abscissa :  total  body  length  in  cm.  Ordinate :  central  nervous  syst^n 
weight  and  volume  in  grams  (cc).  Lidividual  cases  are  indicated  by  solid  dots 
(for  weight)  and  by  circles  (for  volume).  Curve  drawn  to  the  formula:  Y  = 
(0.114X)»»*  +  2.0.     (Data  from  tables  1  and  2.) 

Growth  of  the  encephalon 

The  curve  of  the  absolute  volume  of  the  entire  brain  (fig.  3) 
when  based  on  crown-heel  length  is  a  concave  curve  expressed  by 
the  empirical  formula: 
Encephalon  volume  (cc.)    =   (0.125  (C  H length  cm.))»i»  +  1.5 
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The  absolute  volume  of  the  entu*e  brain  when  based  on  crown- 
heel  length  (fig.  3)  is  about  3.5  cc.  at  10  cm.  (C  H).  This  in- 
creases to  38  cc.  at  25  cm.  (C  H)  and  then  more  rapidly  to  330  cc. 
at  50  cm.  (C  H). 

TABLE  8  I 

EncepfuUvn  volume 
Formula:  Encephalon  volume  (cc.)  =  (0.125  crown-heel  length  cm.)»-**  +  1.6 

(144  cases) 


CBOWN-BEXL  LENOTH 

OBBSRYSO  VOLUlf  ■ 
OF  ENCBPHALON 

VOLUlfS  OF 

BBTWESN 

OBSBBVBD  AND 

CA.LCUI.ATBD 

IfBAKB 

NUMBBB 

Range 

Mean 

Mazi- 
mum 

Mini- 

Mean 

OFCABBB 

em. 

cm. 

ce. 

ee 

ce. 

CC. 

ee. 

Oto   6 

3.9 

0.7 

0.1 

0.3 

4 

6  to  10 

7.2 

1.8 

0.6 

1.2 

2.2 

+1.0 

11 

10  to  15 

12.3 

9.6 

2.0 

6.4 

6.4 

0 

21 

16  to  20 

16.9 

22.4 

2.8 

11.9 

12.1 

+0.2 

16 

20  to  26 

22.3 

48.8 

16.7 

30.8 

27.1 

-3.7 

19 

26  to  30 

27.1 

64.7 

27.3 

46.8 

48.7 

+2.9 

12 

30  to  36 

32.2 

106.3 

46.2 

76.6 

83.0 

+6.6 

17 

36  to  40 

37.2 

221.8 

101.2 

132.1 

130.1 

-2.0 

18 

40  to  46 

42.8 

266.1 

144.1 

191.2 

201.6 

+10.3 

10 

46  to  60 

48.0 

409.4 

226.7 

299.1 

289.0 

-10.1 

8 

60  to  66 

62.2 

412.3 

331.4 

364.9 

376.6 

+11.6 

8 

TABLE  4 
CdLculaied  volume  of  encephalon  at  5-<m.  intervals  of  crown-heel  length 


CBOWN-HEBL  LENGTH 

VOLUME  OF  THE 
ENCEPHALON 

INCREMENT  IN  BACH  5-CM. 

INTERVAL  OF 

CBOWN-HEEL  LENGTH 

RATIO  TO  NBW-BOBN 

cm. 

6 
10 

CC. 

cm. 

per  cent 

percent 

3.6 

1.1 

16 

8.4 

4.9 

140.0 

2.5 

20 

19.6 

11.2 

133.6 

6.0 

26 

38.1 

18.6 

94.4 

11.6 

30 

66.6 

28.6 

74.8 

20.2 

36 

107.6 

41.0 

61.6 

32.7 

40 

163.3 

65.7 

61.8 

49.6 

46 

236.1 

72.8 

44.6 

71.8 

60 

328.9 

92.8 

39.4 

100.0 

66 

444.0 

116.1 

35.0 

136.0 
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When  calculated  to  age  in  fetal  months  (fig.  34,  curve  I),  the 
volume  of  the  entire  brain  is  about  1  cc.  at  the  beginning  of  the 
third  month.  It  increases  to  14  cc.  by  the  first  of  the  fifth  month, 
and  reaches  the  value  of  330  cc.  by  birth. 

The  rate  of  growth  of  the  encephalon  when  determined  by 
5-cm.  percentage  increment  (fig.  26,  curve  II)  is  approximately 

TABLE  5 

Calculated  weight  of  the  encephalon  (based  on  collected  data)  at  S-cm.  intervals  of 

crownwheel  length 


CBOWM-HBEI.  LBNQTH 

WSIOHT  OF  THB 
BKCBPHALON 

XNCBBMBNT  IN  BACH 
6-CM.  INTBBVAL 

SATIO  TO  NBW-BORN 

em. 

6 

10 

gram* 

grams 

percw^i 

pereeJU 

3.3 

0.8 

15 

9.4 

6.1 

185.0 

2.4 

20 

22.1 

12.7 

135.0 

5.6 

25 

44.0 

21.9 

97.5 

11.2 

30 

77.8 

33.8 

76.8 

19.8 

35 

126.6 

48.8 

62.7 

32.2 

40 

193.3 

66.7 

52.7 

49.1 

45 

281.0 

87.7 

45.4 

71.4 

50 

392.9 

111.9 

42.4 

100.0 

55 

632.1 

139.2 

35.4 

135.5 

TABLE  6 

Volume  of  the  encephalon  (data  of  Jackson, 
(31  cases) 


CBOWN-HEBL  LBNOTH 

BNCBPHALON  YOLUlf B 

NUHBBR 

Range 

Mean 

Maximum 

Minimum 

Mean 

OF  CASBa 

cm. 

cm. 

cc. 

cc. 

cc. 

Oto    5 

1.8 

0.4 

0.25 

0.18 

3 

6  to  10 

7.7 

3.6 

2.0 

2.83 

3 

10  to  15 

12.3 

20.0 

10.0 

13.7 

3 

15  to  20 

17.2 

40.0 

18.0 

27.2 

5 

20  to  25 

22.4 

60.0 

30.6 

45.9 

4 

25  to  30 

27.4 

129.0 

52.7 

85.4 

5 

30  to  35 

32.7 

126.7 

120.0 

123.3 

2 

35  to  40 

38.5 

140.0 

140.0 

140.0 

1 

40  to  45 

44.2 

321.3 

321.3 

321.3 

1 

45  to  50 

45.9 

358.0 

278.2 

322.6 

2 

50  to  55 

51.9 

385.0 

363.0 

374.0 

2 
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140  per  cent  for  the  lO-to-15-cm.  interval.  It  descends  rapidly 
to  75  per  cent  of  the  25-to-30-cm.  interval,  and  then  more 
slowly  to  40  per  cent  in  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  entire  brain  volmne  when 
calculated  against  age  in  fetal  months  (fig.  28,  curve  VI)  is  about 
580  per  cent  in  the  fourthmonth,  descending  to  22  per  cent  in 
the  tenth  month. 


Fig.  3  Field  graph  and  curve  of  the  growth  in  weight  and  volume  of  the  en- 
cephalon  in  fetal  life  (the  curve  of  growth  taken  from  brain  weights  reported  in 
the  literature).  Abscissa:  total  body  length  in  ctn.  Ordinate:  entire  brain 
weight  and  volume  in  grams  (cc).  Individual  cases  are  indicated  by  solid 
dots  (for  weight).  /,  curve  of  encephalon  volume  drawn  to  the  formula: 
Y  =  (0.125X)«i*  +  1.5.  (Data  from  tables  3  and  4.)  //,  curve  of 
encephalon  weight  based  upon  data  from  the  literature  and  drawn  to  the  form- 
ula:   r  =  (0.13X)»i» -h  1.0 (Data  from  tables  5  and  6.) 
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Growth  of  the  cerebrum 

The  growth  of  the  cerebral  hemispheres  is  portrayed  by  figures 
3  to  9,  inclusive,  and  figures  37  and  38,  and  is  shown  numerically 
in  tables  3  to  16,  inclusive.    It  may  be  expressed  by  the  empirical 
formula: 
Volume  of  the  cerebrum  (cc.)    =    (0.12  (C  H  length  cm.))«-i» 

TABLE  7 

Volume  of  the  right  hemisphere 
Formula:  Right  hemisphere  volume  (cc.)  »  (0.1  crown-heel  length  (cm.))'" 

(116  cases) 


CBOWN-HIKL  LEKOTH 

RIGHT  HBMX8PHXBB  YOLXTMB 

OAI/SULATID 

RIGHT 

HRMISPHERB 

TOLUMB 

DIfTBRBNCB 

BXTWBBN 

OBSXRYBD  AND 

CALCUIiATBD 

MEANS 

XrVMBBR 

RansQ 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

em. 

em. 

ce. 

ce. 

ee. 

ee. 

ee. 

Oto    5 

5  to  10 

10  to  16 

12.5 

4.2 

1.6 

2.6 

2.0 

-0.6 

12 

15  to  20 

16.9 

10.6 

2.1 

6.0 

5.2 

-0.8 

14 

20  to  26 

22.6 

21.8 

9.3 

14.2 

12.8 

-0.4 

19 

25  to  30 

27.1 

32.7 

12.4 

21.8 

22.7 

+0.9 

12 

30  to  35 

32.6 

73.1 

21.1 

39.2 

40.4 

+1.2 

17 

35  to  40 

37.2 

109.3 

48.7 

65.8 

61.1 

-4.7 

16 

40  to  45 

42.5 

126.6 

67.2 

94.6 

92.6 

-2.0 

10 

45  to  50 

48.0 

191.5 

102.9 

139.0 

135.6 

-3.4 

7 

50  to  55 

52.2 

185.3 

148.0 

166.0 

176.4 

+10.4 

8 

TABLE  8 
CalcttUUed  volume  of  the  right  cerebral  hemisphere  at  B-cm,  intervals  of  crown-heel 

length 


CBOWN-HBBL  LXNOTH 

VOLUMB  OF  BIGHT 
CBRBBRAL  HBMISPHBRB 

INCRBMBNT  IN  BACH 
;^M.  INTBRYAIi 

RATIO  TO  NEW-BORN 

em. 

5 

10 

ec. 

cm. 

per  cent 

vet  cent 

1.0 

0.6 

15 

3.6 

2.6 

260.0 

2.3 

20 

8.8 

5.2 

144.0 

6.7 

25 

17.6 

8.8 

100.0 

11.4 

30 

31.1 

13.5 

76.6 

20.2 

35 

50.5 

19.4 

62.3 

32.7 

40 

76.4 

25.9 

51.2 

49.5 

45 

110.8 

34.4 

45.0 

71.8 

50 

154.2 

43.4 

39.2 

100.0 

55 

207.7 

53.5 

34.7 

134.5 
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The  absolute  volume  of  the  right  and  of  the  left  hemispheres 
(figs.  4  and  5)  shows  no  marked  differences — the  minor  distinctions 
between  the  two  falling  within  the  margin  of  experimental  error. 


Fig.  4  Field  graph  and  curve  of  the  growth  in  weight  and  volume  of  the  right 
cerebral  hemisphere  in  fetal  life.  Abscissa:  total  body  length  in  cul  Ordinate: 
Tight  hemisphere  weight  and  volume  in  grams  (cc).  Individual  cases  are  in- 
dicated by  solid  dots  (for  weight)  and  by  circles  (for  volume).  Curve  drawn 
to  the  formula:    Y  =  (0.1X)»».     (Data  from  tables  7  and  8.) 

The  absolute  volume  curve  of  the  hemispheres  shows  the  same 
concave  form  as  the  volume  of  the  central  nervous  ststem  (fig.  2). 
At  15  cm.  (C  H)  the  hemispheres  are  1.8  cc.  in  volume,  while  in 
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fetuses  of  25  to  30  cm.  (C  H)  they  have  reached  an  average  volume 
of  about  32  cc.  After  this  time  the  volume  curve  increases  more 
rapidly,  attaining  the  average  of  about  300  cc.  at  50  cm.  (C  H). 
When  examined  in  relation  to  age  (fig.  34,  curve  II)  the  ab- 
solute volume  of  the  right  cerebral  hemisphere  is  foimd  to  be  2  cc. 


TABLE  9 
Volume  of  the  left  cerehrcd  hemiepkere 

Formula:  Volume  of  the  left  cerebral  hemisphere    (cc.)  » 

length  (cm.))«M 


(0.105  crown-heel 


CBOlfN-HBKL  UBKGTH 

OBSSBYKD  VOLUMS  Of  TBS 
LETT  HXMISPBSBa 

CALCULATSD 
VOLUME  OF 
THBLBFT 

BBrrWBBN 

OB0BBTBD  AND 

CAIiCXrLATBO 

MBAKS 

KUMBBB 

Range 

Mean 

MaTi- 
mum 

Mini- 
mum 

Mean 

OFCASB8 

em. 
OtO    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
a0to35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

cm. 

12.5 
16.9 
22.4 
27.1 
32.8 
37.2 
42.5 
48.0 
52.2 

ee. 

4.4 

10.5 

20.0 

30.0 

50.0 

89.6 

110.7 

188.9 

192.0 

ee. 

1.3 
2.3 
10.2 
13.0 
21.0 
46.8 
67.0 
98.5 
142.0 

ee. 

2.6 

6.0 

14.8 

21.7 

38.2 

64.1 

92.2 

138.0 

170.0 

ee. 

2.3 

5.7 

13.6 

24.0 

42.9 

62.9 

94.4 

136.6 

176.2 

ee. 

-0.3 
-0.3 
-0.3 
+2.3 

+4.7 
-1.2 
+2.2 
-1.4 
+6.2 

12 
14 
16 
13 
18 
16 
10 
7 
8 

TABLE  10 
Calculated  volume  of  left  cerebral  hemisphere  at  6-cm,  intervdle  of  crown-heel  length 


CBOWN-RBBL  LBNOTH 

TOLUMB  or  LBPT 

XNCBBMBNT  IN  BACH 

5-CM.  IMTBRVAL 

OF  CROWN-HBBL  LBNOTH 

RATIO  TO  MEW-BORN 

cm» 

5 
10 

ee. 

ee. 

percent 

percent 

1.2 

0.8 

16 

4.0 

2.8   • 

233.0 

2.6 

20 

9.6 

5.6 

140.0 

6.2 

26 

18.8 

9.2 

96.0 

12.1 

30 

32.8 

14.0 

74,5 

21.2 

36 

52.6 

19.7 

60.0 

33.9 

40 

78.3 

25.8 

49.1 

60.6 

46 

111.2 

32.9 

42.0 

71.9 

60 

164.9 

43.7 

39.2 

100.0 

65 

200.3 

45.4 

29.3 

129.2 
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at  the  begmning  of  the  third  month,  and  this  rises  at  first  slowly 
and  then  rapidly  to  about  150  cc.  at  birth. 


Fig.  5  Field  graph  and  curve  of  the  growth  in  weight  and  volume  of  the  left 
cerebral  hemisphere  in  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordi- 
nate: left  hemisphere  weight  and  volume  in  grams  (cc.)-  Individual  cases 
indicated  by  solid  dots  (for  weight)  and  by  circles  (for  volume).  Curvedrawn 
to  the  formula:    Y  =  (0.105X)«o^     (Data  from  tables  9  and  10.) 

The  percentage  increment  of  the  hemispheres  (fig.  26,  curve  VI) 
approximates  that  of  the  entire  brain.  It  is  about  265  per  cent 
for  the  interval  between  10  and  15  cm.  (C  H)  length  and  steadily 
declines  from  this  value  \mtil  it  reaches  the  level  of  35  per  cent 
for  the  50-to-55-cm.  (C  H)  interval  (birth). 
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The  percentage  increment  of  the  hemispheres,  when  calculated 
by  fetal  months  (fig.  28,  curve  V),  shows  an  approximate  rate 
of  growth  of  600  per  cent  in  the  fourth  fetal  month.  This  rate 
descends  rapidly  at  first,  and  then  more  slowly  to  about  22  per 
cent  in  the  tenth  fetal  month. 

TABLE  11 

Volume  of  both  cerebral  hemispheres 

Fonnula:  Volume  of  both  cerebral  hemispheres  (oc.)  »  (0.12  crown-heel  length 

(cm.))'-" 
(115  cases) 


CBOim^HBllL  LBNOrrH 

OBSBBTBD  YOLtTMB  OF 
BOTH  HEMI8PHBBBB 

CALCtJLATBD 

VOLUMB  OF 

BOTH 

HBMISPHBBBS 

OBSBBYBO  AND 

OALCULATBD 

MBAMS 

IHTMBBB 

Ranee 

Mean 

Maxi- 

znum 

Mini- 

Tngrn 

Mean 

OFCABB8 

em. 

Oto    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

em. 

12.5 
16.9 
22.4 
27.1 
32.8 
37.2 
42.3 
48.0 
52.2 

ce. 

8.6 

20.5 

46.2 

62.5 

137.1 

210.8 

239.3 

380.4 

377.3 

ce. 

2.2 

4.8 

18.0 

25.4 

56.5 

95.5 

134.2 

201.2 

302.0 

ce. 

5.2 

12.2 

29.4 

46.6 

76.1 

131.4 

184.8 

277.0 

334.4 

ee. 

3.65 

9.5 

22.9 

43.0 

79.1 

118.2 

178.1 

266.5 

348.3 

ee. 

-1.55 

-2.7 

-6.5 

-3.6 

+3.0 

-13.2 

-6.7 

-10.5 

-13.9 

12 
14 
16 
12 
18 
17 
11 
7 
8 

TABLE  12 
Calctdated  volume  of  both  cerebral  hemispheres  at  S-cm,  intervals  of  crovm^heel  length 


CBOWN-HEBL  LBNGTH 

YOLUMB  OF  BOTH 

CBRBBBAI. 

BBMIBPHBBB8 

XNCBBMBNTDT  BACH 
5-CM.  UrrBBTAL 

HATIO  OF  NBW-BOBN 

em. 

5 

10 

ee. 

ec. 

Iter  cent 

percent 

1.79 

0.6 

15 

6.52 

4.73 

264.0 

2.1 

20 

16.33 

9.81 

150.0 

5.4 

25 

33.27 

16.94 

103.0 

10.8 

30 

59.51 

26.24 

78.8 

19.6 

35 

97.31 

37.80 

63.5 

32.1 

40 

149.0 

51.69 

53.2 

49.1 

45 

216.9 

69.7 

45.5 

71.5 

50 

303.6 

86.7 

40.0 

100.0 

55 

411.2 

107.6 

34.5 

135.0 
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The  per  cent  which  the  volume  of  both  hemispheres  forms  of 
the  entire  brain  volume  (fig.  7)  reflects  the  relative  growth  of  the 
other  brain  parts.    The  cerebral  hemispheres  form  only  from 


10         15         10        es         30        :)5       AO        45        50      55aii 

Fig.  6  Field  graph  and  curve  of  the  growth  in  weight  and  volume  of  both 
cerebral  hemisphores  in  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordi- 
nate: hemispheres  weight  and  volume  in  grams  (cc.) .  Individual  cases  indicated 
by  solid  dots  (for  weight)  and  by  circles  (for  volume).  Curve  drawn  to  the 
formula:    Y  «  (0.12A:)3-»».     (Data  from  tables  11  and  12.) 


88  to  90  per  cent  of  the  entire  brain  volume  in  the  third  fetal 
month.  This  proportion  increases  rapidly  to  between  94  and  95 
per  cent  during  the  sixth  fetal  month,  but  after  this  time  it  de- 
scends to  about  91.5  per  cent  at  birth.  This  decline  is  due 
mainly  to  the  tremendous  relative  growth  of  the  cerebellum. 
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The  two  linear  measurements  of  the  cerebral  hemispheres  (the 
fronto-occipital  and  the  temporal  diameters)  also  furnish  some 
information  concerning  the  growth  of  this  part  of  the  brain.    The 
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Fig.  7  Field  graph  and  curve  (connecting  each  5-cm.  crown-heel  interval) 
of  the  per  cent  which  the  volume  of  both  cerebral  hemispheres  forms  of  the  en- 
cephalon  volume.  Abscissa:  total  body  length  in  cm.  Ordinate: hemisphere 
volume  in  per  cent  of  the  encephalon  volume.  Individual  cases  indicated  by 
solid  dots.    (Data  from  table  40.) 

fronto-occipital  diameter  is  a  very  constant  measure,  due  perhaps 
to  its  close  conformance  to  the  skull  and  to  the  fact  that  it  is  not 
affected  greatly  by  the  torsion  of  the  brain  parts  or  of  the  brain 
axis  during  growth.  Its  reliability  has  justified  its  use  to  some 
extent  as  a  basic  measurement. 
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The  absolute  fronto-occipital  diameter  (fig.  8)  when  plotted  to 
the  crown-heel  length  is  a  straight  line  ascending  from  2  cm.  at 
10  cm.  (C  H)  to  9  cm.  at  50  cm.  (C  H).    Its  empirical  formula  is: 

Fronto-occipital  diameter  (cm.)   =  0.175  CH  body  length  (cm.) 

+  0.25 

TABLE  13 

Franto-occipital  diameter 
Formula:  Fronto-occipital  diameter  (cm.)  »  .175  crown-heel  length  (cm.)  +  .26 

(151  cases) 


CBOWN-HBBL  LBNOTB 

OBSBBTBD  rBOMTO- 
OOCIPITAL  DIAMBTBB 

CALCULATBD 
FBONTO- 
OCCIPITAL 
DIA&IBTBB 

DirPBBBMCB 

BBTWBBN 

OB8BRTED  AND 

CALOULATBD 

MBANB 

NUMBBB 

Range 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

or  CABB8 

em, 

Oto   5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

em. 
4.0 
7.1 
12.3 
16.7 
22.6 
27.0 
32.6 
37.1 
42.3 
48.2 
52.2 

cm. 
1.1 
2.0 
2.7 
3.3 
4.9 
6.5 
7.0 
7.7 
8.4 
9.3 

10.0 

em. 
0.7 
1.2 
1.4 
2.3 
3.6 
4.4 
5.1 
6.3 
7.2 
7.5 
8.0 

cm. 

0.9 
1.6 
2.3 
3.2 
4.3 
5.1 
6.0 
6.8 
7.8 
8.6 
9.2 

cm. 

0.9 
1.5 
2.4 
3.2 
4.2 
5.0 
6.0 
6.7 
7.6 
8.7 
9.4 

cm, 

0 
-0.1 
+0.1 

0 
-0.1 
-0.1 

0 
-0.1 
-0.2 
+0.1 
+0.2 

3 
10 
21 
15 
21 
16 
19 
19 
11 
8 
8 

TABLE  14 
Calculated  fronto-occipital  diameter  at  S-cm.  intervals  of  crown-heel  length 


CBOWN-HBEL  LENGTH 

FBONTO-OOCIPITAL 
DIAMETER 

INCREMENT  IN  BACH 
6-CM.  INTERVAL 

RATIO  TO  NBW-BORN 

cm. 

cm. 

cm. 

pet  cent 

percent 

5 

1.125 

12.5 

10 

2.000 

0.875 

78.0 

22.2 

15 

2.875 

0.875 

43.7 

31.9 

20 

3.750 

0.875 

30.3 

41.6 

25 

4.625 

0.875 

23.3 

51.4 

30 

5.500 

0.875 

18.9 

61.1 

35 

6.375 

0.875 

15.9 

70.8 

40 

7.250 

0.875 

13.6 

80.5 

45 

8.125 

0.875 

12.1 

90.3 

50 

9.000 

0.875 

10.8 

100.0 

55 

9.875 

0.875 

9.7 

109.8 
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The  absolute  fronto-occipital  diameter  when  considered  in  re- 
lation to  age  (fig.  32,  curve  I)  is  about  1.3  cm.  in  the  middle  of 
the  third  fetal  month  and  increases  at  first  rapidly  and  then  more 
slowly  to  9  cm.  at  birth. 

The  percentage  increment  of  the  fronto-occipital  length  for 
5-cm.  intervals  of  body  length  (fig.  25,  curve  I)  gradually  declines 
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Fig.  8  Field  graph  and  curve  of  the  growth  of  the  cerebral  hemispheres  in 
fetal  life  as  shown  by  the  fronto-occipital  diameter.  Abscissa:  total  body  length 
in  cm.  Ordinate:  fronto-occipital  diameter  in  cm.  Individual  cases  indicated  by 
solid  dots.  Curve  drawn  to  the  formula.  Y  =  0.175X  +  0.25.  (Data  from 
tables  13  and  14.) 

from  about  80  per  cent  in  the  5-to-lO-cm.  interval  to  about  10 
per  cent  in  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  fronto-occipital  length,  when 
calculated  for  fetal  months  (fig.  27,  curve  I),  shows  an  approxi- 
mate rate  of  growth  of  150  per  cent  in  the  third  fetal  month. 
This  descends  rapidly  to  31  per  cent  in  the  fifth  month  and  gradu- 
ally to  9.5  per  cent  in  the  last  fetal  month. 
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The  linear  measurement  from  the  frontal  to  the  occipital  pole 
indicates  therefore  a  steady  absolute  cerebral  growth  in  the 
anteroposterior  axis  (when  compared  to  crown-heel  length)  and 
a  constant  diminution  of  the  rate  of  growth  (when  compared  to 
time). 

TABLE  16 

Temporal  diameter 

Formula:  Temporal  diameter  (cm.)  »  0.138  crown-heel  length  (cm.)  +  0.3 

(141  cases) 


CBOWN-BKXL  LBNGTH 

OBBBBVBD  TBMPOBAL 
DIAICBTEB 

CALCULATBO 
TBMPOBAL 
DIAICBTBB 

OIFPBBBMCB 

BVrWBBN 

OBSBBVBD  AND 

CALCULATBO 

MBANB 

NUMBBB 

Range 

Mean 

Mazi- 
mum 

Mini- 
mum 

Mean 

OrCABBS 

em. 

em. 

cm. 

em. 

em. 

em. 

em. 

Oto    6 

3.9 

1.0 

0.7 

0.85 

0.85 

0 

4 

6  to  10 

8.1 

2.0 

1.1 

1.45 

1.4 

-0.03 

7 

10  to  15 

12.4 

3.5 

1.5 

2.1 

2.0 

-0.1 

19 

15  to  20 

16.6 

3.4 

1.8 

2.6 

2.6 

0 

15 

20  to  25 

22.6 

4.2 

2.6 

3.3 

3.4 

+0.1 

21 

25  to  30 

27.0 

4.6 

3.2 

4.1 

4.0 

-0.1 

15 

30  to  35 

32.6 

5.0 

3.8 

4.5 

4.8 

+0.3 

16 

35  to  40 

37.1 

6.8 

4.6 

5.5 

5.4 

-0.1 

18 

40  to  45 

42.3 

6.7 

5.6 

6.2 

6.1 

-0.1 

11 

45  to  50 

48.2 

7.2 

6.6 

6.7 

6.95 

+0.25 

8 

50  to  55 

52.2 

10.4 

6.9 

7.9 

7.5 

-0.4 

7 

TABLE  16 

CalctkUUed  temporal  diameter  at  S-cm,  intervale  of  crown-heel  length 


CBOWN-HBEL  LBNOTH 

TBMPOBAL  OIAMBTBB 

6-CM.  INTBBVAL 

BATIO  TO  NBW-BOBN 

cm. 

em. 

em. 

peruni 

vercent 

5 

0.99 

13.7 

10 

1.68 

0.69 

69.7 

23.4 

15 

2.37 

0.69 

41.1 

32.9 

20 

3.06 

0.69 

29.1 

42.6 

25 

3.75 

0.69 

22.5 

52.1 

30 

4.44 

0.69 

18.4 

61.6 

35 

5.13 

0.69 

15.5 

71.3 

40 

5.82 

0.69 

13.4 

81.0 

45 

6.51 

0.69 

11.8 

90.4 

50 

7.20 

0.69 

10.6 

100.0 

55 

7.89 

0.69 

9.6 

109.5 
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The  curve  of  absolute  temporal  diameter  (fig.  9)  is  also  a 
straight  line  when  based  on  crown-heel  length.    Starting  at  about 
1  cm.  at  the  5  cm.  (C  H),  it  increases  steadily  to  about  72  cm. 
at  50  cm.  (C  H).    Its  empirical  formula  is: 
Temporal  diameter  (cm.)    =   0.138   C  H   body   length    (cm.) 

+0.3 

When  studied  in  relation  to  time  (fig.  32,  curve  II) /this  diam- 
eter is  foimd  to  be  1  cm.  at  the  beginning  of  the  third  fetal 
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Fig.  9  Field  graph  and  curve  of  the  growth  of  the  cerebral  hemispheres  in 
fetal  life  as  shown  by  the  temporal  diameter.  Abscissa:  total  body  length 
in  cm.  Ordinate:  temporal  diameter  in  cm.  Individual  cases  indicated  by 
solid  dots.  Curve  drawn  to  the  formula :  Y  =  0.138Z  +  0.3.  (Data from  tables 
15  and  16.) 

month  and  to  rise  at  first  fairly  rapidly  and  then  more  slowly  to 
7.2  cm.  at  birth. 

The  rate  of  growth  of  the  temporal  diameter  (fig.  25,  curve  II) 
decreases  steadily  from  70  per  cent  for  the  5-to-lO-cm.  interval 
to  about  10  per  cent  for  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  temporal  diameter,  when  cal- 
culated for  fetal  months  (fig.  27,  curve  II),  is  approximately 
70  per  cent  in  the  fourth  fetal  month  and  falls  to  about  35  per 
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cent  in  the  fifth  month  and  to  9.2  per  cent  in  the  tenth  month. 
Or,  in  other  words,  the  transverse  axis  of  the  cerebral  hemispheres 
shows  a  constant  diminution  in  the  rate  of  growth  throughout 
the  fetal  period. 


TABLE  17 


Volume  of  the  cerebellum 

Formula:  Volume  of  cerebellum  (cc.)  ->  .01  (.095  crown-heel  length 

(cm.))*»  +  20.0 

(114  cases) 


CBOWN-HBBL  LKNOVH 

OBBBRYSD  YOLUIIB  OF 

CAXX^ULATBD 
YOLTTIIB  OF 
CBRBBELLUM 

DIFFBBBNCB 

BBTWBBN 

OB8BBVBD  AND 

CAlX:ULATBO 

MBANS 

NUlfBBB 

Range 

Mean 

Maxi- 
mum 

Mini, 
mum 

Mean 

cm. 

em. 

ce. 

ee. 

ce. 

ee. 

CC. 

Oto   6 

6  to  10 

I 

10  to  16 

12.8 

0.6 

0.1 

0.3 

0.6 

+0.2 

10 

16  to  20 

16.9 

0.7 

0.2 

0.4 

0.6 

+0.1 

14 

20  to  26 

22.6 

2.0 

0.6 

0.9 

0.6 

-0.3 

IS 

26  to  30 

27.0 

2.7 

0.9 

1.3 

1.2 

-0.1 

13 

30  to  36 

32.7 

4.0 

1.0 

2.4 

2.8 

+0.4 

16 

36  to  40 

37.2 

9.3 

3.4 

6.4 

6.1 

-0.3 

17 

40  to  46 

42.3 

11.6 

6.7 

8.9 

9.3 

+0.4 

11 

46  to  60 

48.0 

22.0 

14.0 

19.0 

17.1 

-2.0 

7 

60  to  66 

62.2 

26.0 

18.0 

21.3 

26.7 

+4.4 

8 

TABLE  18 

Calcvlaied  cerebellum  volume  at  S^cm.  intervale  of  croton-keel  length 


CBOWN-HBBL  LBNGTH 

5-CU.  INTBBTAL 

BATIO  TO  NBW-BOBN 

em. 

6 

10 

cc. 

CC. 

pcrcetU 

percent 

0.20 

1.0 

16 

0.28 

0.08 

40.0 

1.3 

20 

0.43 

0.16 

63.6 

2.1 

26 

0.89 

0.46 

107.0 

4.3 

30 

1.89 

1.00 

112.0 

9.1 

36 

3.80 

1.91 

100.1 

18.2 

40 

7.13 

3.33 

87.8 

34.1 

46 

12.60 

6.47 

76.8 

60.3 

60 

20.90 

8.30 

66.8 

100.0 

66 

33.40 

12.60 

69.8 

160.0 
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Growth  of  the  cereheUum 

The  growth  of  the  eerebelliim  is  portrayed  by  the  graphs  m 
figures  10  to  13,  inclusive,  and  by  the  outline  sketches  in  figure 
38.    The  absolute  volume  of  the  cerebellum,  when  plotted  against 


Fig.  10  Field  graph  and  curve  of  the  growth  of  the  cerebellum  in  weight  and 
volume  in  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordinate:  cerebellum 
weight  and  volume  in  grams  (cc).  Individual  cases  indicated  by  solid  dots 
(for  weight)  and  by  circles  (for  volume) .  Curve  drawn  to  the  formula :  Y  = 
O.OI  I(0.095X)*-»  +  20.0].     (Data  from  tables  17  and  18.) 

crown-heel  body  length  (fig.  10),  presents  a  concave  volume  curve 
expressed  by  the  empirical  formula: 

Volume  of  the  cerebellum  (cc.)  =  0.01  (0.095  C  H  body  length 

(cm.))** +20.0 
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The  cerebellum  is  not  grossly  visible  before  the  fetus  is  about 
10  cm.  (C  H)  long.  At  20  cm.  (C  H)  its  volume  is  about  0.4  cc, 
and  this  increases  slowly  to  about  2  cc.  at  30  cm.  (C  H).    The 


Fig.  11  Field  graph  and  curve  (connecting  the  average  points  of  each  5-cm. 
crown-heel  interval)  of  the  per  cent  which  the  volume  of  the  cerebellum  forms  of 
the  encephalon  volume.  Abscissa:  total  body  length  in  cm.  Ordinate:  cere- 
bellum volume  in  per  cent  of  entire  brain  volume.  Individual  cases  indicated 
by  solid  dots.    (Data  from  table  40.) 

absolute  volume  curve  then  turns  sharply  upward  and  rises  very 
rapidly  to  21  cc.  at  50  cm.  (C  H). 

On  the  basis  of  time  (figs.  34  and  35)  ^  the  volume  of  the  cere- 
bellum is  about  0.4  cc.  at  four  fetal  months  and  approximately 
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2.3  cc.  at  six  fetal  months.  At  this  time  it  begins  to  enlarge 
rapidly,  increasing  almost  ten-fold  in  the  last  four  months  of 
intra-uterine  life  and  reaching  a  volmne  of  21  cc.  at  birth.  This 
tremendous  growth  in  volume  in  the  last  three  or  four  months  of 
fetal  life,  at  a  time  when  all  other  brain  parts  are  growing  far  less 
rapidly,  is  a  peculiar  characteristic  of  the  cerebellum. 

The  percentage  increment  of  the  cerebellum  volume  (fig.  26, 
curve  VII)  reflects  the  peculiarities  of  the  curve  of  absolute 
volume.  Starting  at  a  comparatively  low  value,  it  rises  to  a 
peak  of  112  per  cent  for  the  25-to-30-cm.  interval  and  descends 
to  60  per  cent  in  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  cerebellmn  volume,  when 
calculated  for  time  (fig.  28,  curve  IV),  shows  an  approximate  rate 
of  growth  of  about  160  per  cent  in  the  fifth  month,  and  then  falls 
rapidly  to  54  per  cent  for  the  tenth  month. 

The  relative  growth  of  the  cerebellmn  is  also  illustrated  by  the 
per  cent  which  it  forms  of  the  entire  brain  volume  at  various 
periods  in  fetal  Ufe  (fig.  11).  This  value  is,  with  shght  variations, 
about  3  per  cent  imtil  the  middle  of  the  sixth  fetal  month.  At 
this  time  the  tremendous  growth  of  the  cerebellum  becomes  an 
important  factor  in  the  total  increase  of  the  brain  as  a  whole,  and 
by  birth  it  forms  about  6  per  cent  of  the  entire  brain  volume. 

The  absolute  length  of  the  vermis  cerebelli,  when  plotted  to 
crown-heel  body  length  (fig.  12),  is  expressed  by  the  formula: 

Vermis  cerebeUi  length  (cm.)  =  0.01  [(C   H  length  {cm.))^-^ 

+0.15] 

It  also  portrays  the  great  growth  of  this  part  of  the  brain  in  the 
last  four  fetal  months.  At  10  cm.  (C  H)  the  vermis  cerebelli 
length  is  only  about  0.4  cm.  It  ascends  in  a  very  shallow  curve 
to  2.6  cm.  at  50  cm.  (C  H). 

The  absolute  length  of  the  vermis  cerebelli  when  calculated  for 
fetal  months  (fig.  31,  curve  I)  rises  in  practically  a  straight  line 
from  0.4  cm.  at  the  beginning  of  the  fourth  month  to  2.64  cm. 
at  birth. 

The  rate  of  growth  of  the  vermis  cerebelli  length  (fig.  25,  curve 
III)  shows  a  gradual  decrease  from  50  per  cent  in  the  lO-to-15-cm. 
interval  to  13  per  cent  at  the  50-to-55-cm.  interval.    The  entire 
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percentage  increment  curve,  however,  is  much  higher  than  any 
other  percentage  increment  based  upon  a  straight-hne  measure- 
ment (with  the  single  exception  of  the  vermis  cerebelU  height, 
fig.  25,  curve  IV). 

TABLE  19 

Length  of  the  vermis  cerehelli 

Formula:  Vermis  cerebelli  length  (cm.)  =  .01  [(crown-heel  length  (cm.))^-**  +  0.15] 

(124  cases) 


CROWN-HEEL  LENGTH 

LENGTH  OF  VERUIS 
CEREBELLI 

CALCULATED 
LENGTH  or 

VERMIS 
CEREBELLI 

DIFFERENCE 

OBSERVED  AND 

CALCULATED 

MEANS 

NUMBER 

Range 

Mean 

Maxi- 

mum 

Mini- 
mum 

Mean 

OF  CABES 

em. 
0  to    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

em. 

12.7 
16.9 
22.5 
27.0 
32.8 
37.1 
42.2 
48.2 
52.2 

cm. 

0.9 
1.1 
1.2 
1.8 
1.7 
2.6 
2.5 
2.7 
3.4 

em. 

0.3 
0.4 
0.6 
0.9 
1.1 
1.3 
1.7 
2.2 
2.5 

cm. 

0.5 

0.6 

0.9 

1.15 

1.5 

1.8 

2.1 

2.5 

2.7 

cm. 

0.5 
0.7 
1.0 
1.2 
1.5 
1.8 
2.1 
2.5 
2.8 

cm. 

0.0 
+0.1 
+0.1 
+0.05 

0 

0 

0 

0 
+0.1 

16 
14 
18 
14 
16 
18 
12 
8 
8 

TABLE  20 
Calculated  vermis  cerehelli  length  at  6-cm.  intervals  of  cromn-heel  length 


CROWN-HEEL  LENGTH 

YSBMIBCBBXBXLLX 
LENGTH 

INCREMENT  IN  EACH 
5-CU.  INTERVAL 

RATIO  TO  NEW-BORN 

cm. 

5 
10 

cm. 

cm. 

percent 

per  cent 

0.41 

15.6 

15 

0.61 

0.20 

49.0 

23.1 

20 

0.83 

0.22 

36.1 

31.5 

25 

1.08 

0.25 

30.2 

40.9 

30 

1.36 

0.28 

25.9 

51.6 

35 

1.65 

0.29 

21.3 

62.6 

40 

1.96 

0.31 

18.8 

74.3 

45 

2.29 

0.33 

16.8 

86.8 

50 

2.64 

0.35 

15.3 

100.0 

55 

2.99 

0.35 

13.3 

113.2 
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The  percentage  increment  of  the  vermis  cerebelli  length  when 
calculated  for  fetal  months  (fig.  27,  curve  VIII)  is  approximately 
85  per  cent  in  the  fifth  month,  descending  at  first  swiftly  and  then 
more  slowly  to  about  12.5  per  cent  in  the  tenth  month. 
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Fig.  12  Field  graph  and  curve  of  the  growth  of  the  cerebellum  in  fetal  life 
as  shown  by  the  vermis  cerebelli  length.  Abscissa:  total  body  length  in  cm. 
Ordinate:  vermis  cerebelli  length  in  cm.  Individual  cases  indicated  by  solid 
dots.  Curve  drawn  to  the  formula :  Y  =  0.01  (Z»."  +  0.15) .  (Data  from  tables 
19  and  20.) 
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The  absolute  height  of  the  vermis  cerebelli  when  plotted 
against  crown-heel  body  length  (fig.  13)  also  forms  a  shallow 
curve,  expressed  empirically  by  the  formula: 

Vermis  cerebelli  height  (cm.)  =  0.01  (C  H  body  length  (cm.))i-" 

It  is  0.23  cm.  at  10  cm.  (C  H)  and  rises  to  about  2.1  cm.  at  50  cm. 
(C  H). 

TABLE  21 

HeigJU  of  the  vermis  cerebeUi 
Fonnula:  Vennis  cerebelli  height  (cm.)   »  .01  (crown-heel  length  (cm.))^''' 

(122  cases) 


CBOWN-HBBL  LENOTH 

OBSEBYBO  HBIOHT  07 
VBRICIB  CEBBBBLLI 

CAI/:ULATBD 
HEIGHT  OW 

VERUI8 
CBBEBELLI 

DIFFBRBNCB 

OBSEBYBD  AND 

CAIX:UI.ATBD 

MBAN8 

HTTMBBB 

Ranee 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

em. 
Oto    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
90  to  35 
35  to  40 
40  to  45 
45  to  60 
50  to  55 

em. 

12.7 
16.9 
22.6 
27.0 
32.8 
37.1 
42.2 
48.2 
52.2 

em. 

0.6 
0.7 
0.9 
1.0 
1.4 
1.9 
2.0 
2.5 
2.8 

em. 

0.3 
0.2 
0.5 
0.6 
0.8 
1.0 
1.1 
1.6 
1.6 

cm. 

0.4 
0.5 
0.7 
0.8 
1.1 
1.4 
1.6 
2.0 
2.2 

cm, 

0.3 
0.5 
0.7 
0.9 
1.2 
1.4 
1.7 
2.0 
2.2 

em. 

-0.1 

0 

0 
+0.1 
+0.1 

0 
+0.1 

0 

0 

14 
14 
18 
14 
16 
18 
12 
8 
8 

TABLE  22 

Calculated  vermis  cerebelli  height  at  S^cm.  intervcds  of  crownrheel  length 


▼BBMX8 
CBBBBBLLI  HBIOHT 

IliCBBMBMT  IN  BACH 
5-CIC.  INTBBVAI« 

BATIO  TO  NBW-BOBN 

cm, 

5 

10 

em. 

cm. 

percent 

percent 

0.23 

10.8 

16 

0.41 

0.18 

78.1 

19.2 

20 

0.61 

0.20 

48.8 

26.6 

25 

0.82 

0.21 

84.4 

38.5 

30 

1.06 

0.24 

29.2 

49.8 

35 

1.31 

0.25 

23.6 

61.6 

40 

1.57 

0.26 

19.8 

73.7 

45 

1.84 

0.27 

17.2 

86.3 

50 

2.13 

0.29 

15.8 

100.0 

55 

2.42 

0.29 

12.0 

113.7 
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The  absolute  height  of  the  vermis  cerebelli  when  calculated  for 
age  in  fetal  months  (fig.  31,  curve  II)  rises  in  practically  a  straight 
line  from  0.23  cm.  at  the  beginning  of  the  fourth  month  to  2.1  cm. 
at  birth. 


50       SScm. 


Fig.  13  Field  graph  and  curve  of  the  growth  of  the  cerebellum  in  fetal  life 
as  shown  by  the  venniB  cerebelli  height.  Abscissa:  total  body  length  in  cm. 
Ordinate:  vermis  cerebelli  height  in  cm.  Individual  cases  indicated  by  solid 
dots.  Curve  drawn  to  the  formula:  Y  =  0.01  (X»-").  (Data  from  tables  21 
and  22.) 

The  percentage  increment  of  the  vermis  cerebelli  height  when 
calculated  for  5-cm.  intervals  of  crown-heel  length  (fig.  25,  curve 
TV)  is  similar  to  that  of  the  vermis  cerebelli  length  except  that  it 
is  somewhat  greater  at  first  and  falls  more  rapidly. 

The  percentage  increment  of  the  vermis  cerebelli  height,  when 
calculated  for  fetal  months  (fig.  27,  curve  IX),  shows  a  rate  of 
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growth  of  about  126  per  cent  for  the  fourth  month,  falls  to  58  per 
cent  for  the  fifth  month,  and  then  descends  steadily  to  about  13 
per  cent  for  the  tenth  month. 

The  growth  of  the  cerebelliun  during  the  latter  part  of  fetal 
hfe  is  also  strikingly  illustrated  by  the  midsagittal  sections 
shown  in  figures  37  and  38.  In  the  third  fetal  month  (figure 
38,  C)  the  cerebellum  grows  posterioriy  and  parallel  to  the  pons 
and  medulla;  by  the  middle  of  the  sixth  fetal  month  (fig.  38,  D,  E, 
F)  it  assumes  its  characteristic  shape  and  position  in  relation  to 
the  cerebral  hemispheres.  From  the  middle  of  the  sixth  fetal 
month  to  birth  (fig.  38,  G  to  I,  inclusive)  each  succeeding  tracing 
indicates  a  greater  relative  size  in  this  portion  of  the  brain. 

It  will  be  noted  in  this  connection  that  the  graphs  of  absolute 
growth  of  the  cerebellum  in  both  of  the  linear  dimensions  resemble 
volume  curves  much  more  closely  than  does  the  graphic  expression 
of  any  other  lineal  dimensions  of  the  nervous  system. 

Growth  of  the  pons  and  medvUa 

The  growth  of  the  pons  and  medulla  (fig.  14)  presents  a  typical 
volmne  curve  having  the  empirical  formula: 

Pons  and  medulla  volume  (cc.)   =  0.01  [(0.2  C  H  body  length 

(cm.))2«7  +  20.0] 

At  10  cm.  (C  H)  their  volume  is  about  0.3  cc,  by  30  cm.  (C  H) 
it  is  1.4  cc,  and  at  birth  (50  cm.  C  H)  it  is  approximately  5  cc 
When  calculated  for  age  in  fetal  months  (fig.  35,  curve  II),  their 
volume  is  0.2  cc  at  three  months  and  1.4  cc  at  six  months. 
From  this  time  it  rises  steadily  to  about  5  cc  at  birth. 

The  percentage  increment  of  the  volume  (fig.  26,  curve  VIII) 

is  approximately  50  per  cent  for  the  lO-to-15-cm.  (C  H)  interval 

and  rises  to  about  56  to  57  per  cent  for  the  interval  between  15 

•  to  20  cm.    It  then  descends  steadily  to  about  27  per  cent  from 

50  to  55  cm.  (C  H). 

The  percentage  increment  of  the  pons  and  medulla  volume  as 
calculated  for  fetal  months  (fig.  28,  curve  II)  shows  a  rate  of 
growth  of  about  96  per  cent  for  the  fourth  month,  and  then  de- 
scends steadily  to  about  27.5  per  cent  for  the  last  month  of  pre- 
natal life. 
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One  of  the  most  interesting  facts  concerning  the  prenatal 
growth  of  the  pons  and  medulla  is  the  per  cent  of  the  entire  brain 
volume  which  they  form  during  fetal  life  (fig.  15  and  table  40). 
In  the  middle  of  the  fourth  fetal  month  the  pons  and  medulla 
make  up  5.5  per  cent  of  the  entire  brain  volume,  at  5  months  they 

TABLE  23 

Volume  of  the  pons  and  medulla 
Formula:  Pons  and  medulla  volume  (cc.)  =»  .01  [(.2  crown-heel  length 

(cm.)  )«•"  +  20] 
(112  cases) 


CBOWN-HBEL  LBNOTH 

0B8SRVSD  PONS 
AKD  MBDUIXA  VOLUME 

CAXiCUItATED 
POKB  AND 
MEDULLA 
VOLUME 

DIFFERENCE 

OBSERVED  AND 

CALCULATED 

MEANS 

NUMBER 

Ranee 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

OF  CASES 

em. 
Oto    5 
6  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

cm. 

12.6 
16.9 
22.5 
27.0 
32.7 
37.0 
42.3 
48.0 
52.2 

ce. 

0.5 
0.7 
1.0 
1.4 
2.1 
3.2 
3.9 
5.5 
6.3 

ec. 

0.2 

0.15 

0.4 

0.5 

0.9 

1.6 

2.5 

3.7 

4.5 

cc. 

0.3 
0.4 
0.8 
0.9 
1.5 
2.4 
3.1 
4.3 
5.2 

CC. 

\ 

0.3 
0.5 
0.8 
1.1 
1.7 
2.3 
3.2 
4.4 
5.4 

CC. 

0 
+0.1 

0 
+0.2 
+0.2 
-0.1 
+0.1 
+0.1 
+0.2 

11 

14 
16 
13 
17 
16 
11 

8 

TABLE  24 
Calctdated  pons  and  medulla  volume  at  5-cm,  intervals  of  crown-heel  length 


CBOWN-HEEL  LENOTH 

PONS  AND 
MEDULLA  VOLUME 

INUREMENT  IN  EACH 
5<U.  INTERVAL 

RATIO  TO  NEW-BOBN 

em, 

5 
10 

ec. 

CC. 

pereerU 

percent 

0.26 

5.3 

15 

0.39 

0.13 

50.0 

8.0 

20 

0.61 

0.22 

56.5 

12.5 

25 

0.94 

0.33 

54.1 

19.3 

30 

1.40 

0.46 

49.0 

28.7 

35 

2.01 

0.61 

43.5 

41.2 

40 

2.78 

0.77 

38.3 

57.0 

45 

3.73 

0.95 

34.2 

76.4 

50 

4.88 

1.15 

30.8 

100.0 

55 

6.23 

1.35 

27.7 

128.0 
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form  only  about  2.7  per  cent,  and  from  that  time  on  to  birth  they 
gradually  decrease  in  relative  volume,  so  that  they  form  only 
1.5  per  cent  of  the  entire  brain  volume  in  the  new-bom.    This 
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Fig.  14  Field  graph  and  curve  of  the  growth  of  the  pons  and  medulla  in  weight 
and  volume  in  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordinate:  pons 
and  medulla  weight  and  volume  in  grams  (cc).  Individual  cases  indicated  by 
solid  dots  (for  weight)  and  by  circles  (for  volume) .  Curve  drawn  to  the  formula : 
Y  =  0.01  [(0.2.X^)*."  +  20.0].     (Data  from  tables  23  and  24.) 

relative  decline  is  clearly  due  to  the  great  increase  in  the  ab- 
solute volume  of  the  cerebral  hemispheres  and  of  the  cerebellum 
during  the  last  half  of  fetal  life. 
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The  pons  length  also  shows  some  interesting  changes  in  the 
course  of  fetal  life.    The  graph  of  absolute  pons  length  plotted 
against  total  body  length  (fig.  16)  is  practically  a  straight  line 
having  the  formula: 
Length  of  pons  (cm.)  =  0.0263  C  H  body  length  (cm.)  +  0.16 


-| — 5~r 


1- 


-L 


J-. 


10         15        £0        E5        30       35       "^       ^5        50     55an. 

Fig.  15  Field  graph  and  curve  (connecting  the  average  points  of  each  5-cm. 
crown-heel  interval)  of  the  per  cent  which  the  volume  of  the  pons  and  medulla 
forms  of  the  encephalon  volume.  Abscissa:  total  body  length  in  cm.  Ordinate: 
pons  and  medulla  volume  in  per  cent  of  the  entire  brain  volume.  Individual 
cases  indicated  by  solid  dots.    (Data  from  table  40.) 

The  length  increases  steadily  from  0.42  cm.  at  10  cm.  (C  H)  to 
about  1.53  cm.  at  birth  (50  cm.  C  H). 

When  plotted  against  time,  the  pons  length  increases  rather 
rapidly  from  the  third  to  the  beginning  of  the  sixth  month,  and 
then  grows  more  slowly  at  a  imiform  rate  imtil  birth. 
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The  percentage  increment  of  the  pons  length  against  intervals 
of  growth  in  body  length  (fig.  25,  curve  V)  starts  at  30  per  cent 
between  10  and  15  cm.  (C  H)  and  falls  steadily  but  slowly  to 
9.8  per  cent  in  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  pons  length  as  calculated  for 
fetal  months  (fig.  27,  curve  III)  shows  a  rate  of  growth  of  about 


TABLE  '2b 

Pons  Ungih 

Formula:  Pons  length  (cm.)  «  0.0263  crown-heel  length  (cm.)  +  0.16 

(124  cases) 


CBOWN-HCEL  LBNOTH 

OBSCBVBD  PONS  LBNOTH 

CALCDLATBD 
PONS  LBNOTH 

OBSBBVBD  AND 

CAIX;ni.ATBD 

MBAN8 

NUMBBB 

Range 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

OFCASB8 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

em. 

Oto    5 

5  to  10 

10  to  16 

12.2 

0.6 

0.3 

0.6 

0.6 

0 

18 

16  to  20 

16.7 

0.8 

0.5 

0.6 

0.6 

0 

13 

20  to  26 

22.6 

0.9 

0.7 

0.8 

0.8 

0 

18 

26  to  90 

27.0 

1.1 

0.6 

0.9 

0.9 

0 

13 

30  to  36 

32.8 

1.2 

0.9 

1.0 

1.0 

0 

16 

36  to  40 

37.1 

1.6 

1.0 

1.2 

1.1 

—0.1 

18 

40  to  46 

42.2 

1.4 

1.0 

1.3 

1.3 

0 

12 

46  to  60 

48.2 

1.6 

1.2 

1.36 

1.4 

-0.06 

8 

60  to  66 

62.2 

1.7 

1.3 

1.6 

1.6 

0 

8 

TABLE  26 

CalculaUd  pons  length  at  S-cm,  intervcds  of  croum-heel  length 


OBOWN-HBBL  LBNOTH 

PONS  LBNOTH 

INCBBMBNT  IN  BACH 
5-CM.  INTBBVAL 

BATIO  TO  NBW-BOBM 

em. 

cm. 

cm. 

percent 

perceiU 

6 

0.29 

10 

0.42 

0.13+ 

44.8 

28.7 

16 

0.66 

0.13+ 

30.0 

37.6 

20 

0.68 

0.13+ 

24.8 

46.6 

26 

0.81 

0.13+ 

19.2 

66.4 

30 

0.94 

0.13+ 

16.1 

64.3 

36 

1.08 

0.13+ 

13.9 

73.3 

40 

1.21 

0.13+ 

12.2 

82.3 

45 

1.34 

0.13+ 

11.8 

91.2 

60 

1.47 

0.13+ 

9.8 

100.0 

66 

1.60 

0.13+ 

8.9 

108.8 
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75  per  cent  in  the  third  month  and  descends  steadily  to  approxi- 
mately 7  per  cent  in  the  tenth  month. 

There  is  no  doubt  that  the  pons  and  medulla  form  a  large  part 
of  the  brain  in  early  fetal  life.  Figures  38,  a,  b,  c,  and  d,  sub- 
stantiate the  percentage  curve  (fig.  18).  They  show  that  the 
pons  and  medulla  form  a  very  large  portion  of  the  entire  brain 
volume  at  this  time.  By  the  middle  of  the  third  fetal  month 
(fig.  38,  b)  fully  one-third  of  the  brain,  as  it  is  seen  in  mid- 
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Fig.  16  Field  graph  and  curve  of  the  growth  of  the  pons  and  medulla  in  fetal 
life,  as  shown  by  the  pons  length.  Abscissa:  total  body  length. in  cm.  Ordi- 
nate: pons  length  in  cm.  Individual  cases  indicated  by  solid  dots.  Curve 
drawn  to  the  formula:    Y  »  0.0263X  +  0.16.    (Data  from  tables  25  and  26.) 

sagittal  section,  is  formed  by  the  pons  and  medulla.  In  the 
fourth  and  fifth  months  (figs.  38,  b,  c,  d,  and  e)  the  pons  and 
medulla  become  relatively  smaller. 

Growth  of  the  midbrain 

A  consideration  of  the  colliculi  and  the  midbrain  does  not  lead 
to  quite  such  clean-cut  results  as  does  the  study  of  the  other 
brain  parts.  The  midbrain,  as  it  was  prepared  for  the  volume  and 
weight  determinations,  included  not  only  the  colliculi  above  the 
iter,  but  also  a  portion  of  the  brain  stem  below  it. 
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The  absolute  volume  of  the  midbrain  when  plotted  against 
body  length  (fig.  17)  presents  a  shallow  curve  and  has  the  em- 
pirical formula: 

Volume  of  midbram  (cc.)  =  0.01  [(0.168  C  H 
length  (cm.))«w+12.0] 

TABLE  27 

Volume  of  the  midbrain 

Fonnula:  Midbrain  volume  (cc.)  =  .01  [  (.168  crown-heel  length  (cm.))*»*  +  12] 

(109  cases) 


CBOWK-HBBL  LSKOTH 

OBSBRVBD 
MIDBRAIN  VOLUIIB 

CALCUI^ATBD 

VOLUUE 
OF  MIDBSAIK 

dutbrbncb 
observed  and 

CAUrULATBD 
ICBAN8 

irulCBBB 

Range 

Mean 

Mazi- 
mum 

Mini- 
mum 

Mean 

OFCABBB 

em. 
Oto    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25toa0 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

em. 

12.9 
16.9 
22.5 
27.0 
32.7 
37.3 
42.3 
48.0 
52.2 

ee. 

0.3 
0.4 
0.8 
0.9 
1.4 
1.7 
2.2 
3.1 
3.0 

oe. 

0.1 
0.2 
0.3 
0.4 
0.4 
0.8 
1.2 
1.5 
1.8 

ee. 

0.2 
0.3 
0.6 
0.6 
0.8 
1.4 
1.6 
2.4 
2.4 

ec. 

0.2 
0.3 
0.4 
0.6 
.0.9 
1.2 
1.6 
2.2 
2.7 

ee. 

0 

0 
-0.1 

0 
+0.1 
-0.2 

0 
-0.2 
+0.3 

9 
14 
17 
13 
16 
14 
11 
7 
8 

TABLE  28 

Calculated  midbrain  volume  at  S-cm,  intervals  of  croum-keel  length 


CBOWN-HBBL  LENQTH 

MIDBRAIN  VOLUME 

INCREMENT  IN  EACH 

5k:m.  interval 

RATIO  TO  NEW-BOEN 

em. 

5 
10 

CC. 

ee. 

per  cent 

percent 

0.16 

6.6 

15 

0.23 

0.07 

43.7 

9.4 

20 

0.34 

0.11 

47.8 

13.9 

25 

0.51 

0.17 

50.0 

20.9 

30 

0.75 

0.24 

47.0 

30.7 

35 

1.05 

0.30 

40.0 

43.0 

40 

1.43 

0.38 

36.2 

58.5 

45 

1.89 

0.46 

32.0 

77.4 

50 

2.44 

0.55 

29.1 

100.0 

55 

3.12 

0.68 

27.8 

128.0 
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At  13  cm.  (C  H)  the  absolute  midbrain  volmne  is  about  0.2  cc, 
and  this  steadily  rises  to  0.75  cc.  at  30  cm.  (C  H).  From  this 
point  the  absolute  volume  increases  at  a  faster  pace  to  about 
2.5  cc.  at  50  cm.  (C  H). 
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Fig.  17  Field  graph  and  curve  of  the  growth  of  the  midbrain  in  weight  and 
volume  in  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordinate:  midbrain 
weight  and  volume  in  grams  (cc.)-  Individual  cftses  indicated  by  solid  dots 
(for  weight)  and  by  circles  (for  volume).  Curve  drawn  to  the  formula:  Y  — 
0.01  [(0.1d8Z)>**«  +  12.0].    (Data  from  tables  27  and  28.) 

The  volume  of  the  midbrain,  when  calculated  for  age  in  fetal 
months  (fig.  35,  curve  III),  is  about  0.15  cc.  at  the  third  month 
and  increases  to  about  0.8  cc.  at  six  months.  Thereafter  it 
grows  slowly  to  about  2.5  cc.  at  birth. 
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The  percentage  increment  of  the  midbrain  volume,  when  cal- 
culated for  5-cm.  intervals  of  crown-heel  length  (fig.  26,  curve  IX), 
is  about  45  per  cent  for  the  lO-to-15-cm.  interval.  It  rises 
slightly  at  the  20-to-25-cm.  interval  and  descends  to  30  per  cent 
for  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  midbrain  volume  as  calculated 
for  fetal  months  (fig.  28,  curve  III)  is  approximately  81  per  cent 


10 


13 


ZQ 


25  30  35  40  45  50  55cm 
Fig.  18  Field  graph  and  curve  (connecting  the  average  points  of  each  5-cm. 
crown-heel  interval)  of  the  per  cent  which  the  midbrain  volume  forms  of  the 
encephalon  volume.  Abscissa:  total  body  length  in  cm.  Ordinate:  mid-brain 
volume  in  per  cent  of  the  encephalon  volume.  Individual  cases  indicated  by 
solid  dots.    (Data  from  table  40.) 

in  the  fourth  month  and  descends  to  about  25  per  cent  in  the  last 
fetal  month. 

The  slow  growth  of  the  midbrain  is  reflected  in,  the  per  cent 
which  this  brain  part  forms  of  the  entire  brain  volume  (figure  18 
and  table  40).  Beginning  at  2.9  per  cent  at  three  months,  it 
steadily  declines  to  but  0.7  per  cent  of  the  entire  brain  volume 
at  birth. 
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The  length  of  the  coUiculi  is  not  a  true  index  of  the  mid- 
brain growth  in  early  fetal  life^  and  its  significance  as  a  measure 
of  growth  of  that  portion  of  the  mesencephalon  below  the  iter 
is  particularly  questionable.  In  some  fetuses  of  three  to  four 
months  a  sharp  line  of  demarcation  between  the  superior  col- 
liculi  and  the  thalamencephalon  may  be  present,  while  in  other 
specimens  of  the  same  age  no  Une  of  separation  can  be  distin- 
guished. 

This  conclusion  is  supported  by  evidence  shown  in  figures  36, 
a,  b,  c.  Figures  36,  a,  and  36,  b,  of  specimens  prior  to  the  third 
fetal  month  show  no  coUicuU;  figure  36,  c,  shows  coUiculi  well 
marked  off  and  relatively  larger  than  in  a  new-bom  specimen. 

The  curve  of  the  absolute  length  of  the  coUicuU,  when  plotted 
against  body  length  (fig.  19),  is  a  straight  line.  It  starts  at  0.7  cm. 
at  15  cm.  (C  H)  and  rises  to  1.22  cm.  in  length  at  50  cm. 
(C  H).     It  may  be  expressed  by  the  empirical  formula: 

Length  of  colhculi  (cm.)  =  0.015  C  H  body  length  (cm.) 

+0.47 

The  growth  of  the  collicuU  in  absolute  length  when  plotted 
against  time  (fig.  33,  curve  VI)  approaches  a  straight  line,  al- 
though the  rate  of  growth  is  more  rapid  in  the  fourth  and  fifth 
months  than  in  the  last  four  fetal  months. 

Growth  of  the  spinal  cord 

The  growth  of  the  spinal  cord  resembles  that  of  the  brain  and 
particularly  that  of  the  pons  and  medulla.  The  absolute  volume 
of  the  spinal  cord  plotted  against  crown-heel  length  (fig.  21)  is  a 
very  shallow  but  typical  volume  curve,  which  may  be  expressed 
by  the  empirical  formula: 

Volume  of  the  sphxal  cord  (cc.)   =  0.01  [(0.17  C  H 
length  (cm.))  «•"  +  11.0] 
The  absolute  volume  at  15  cm.  (C  H)  is  approximately  0.22  cc. 
The  curve  rises  steadily  imtil  it  reaches  about  1  cc.  at  35  cm.  (CH). 
From  this  point  it  proceeds  upward  at  a  sharper  pitch,  reaching 
about  2.5  cc.  at  50  cm.  (C  H). 

The  growth  in  absolute  volume  against  time  (fig.  35,  curve  IV) 
corresponds  almost  exactly  with  that  of  the  midbrain  and  shows 
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a  fairly  rapid  rate  of  absolute  growth  from  the  third  to  the  be- 
ginning of  the  fifth  month  and  a  slower  and  more  regular  growth 
thereafter. 

The  data  of  Jackson  ('09)  (table  35)  show  a  uniformly  higher 
average  for  the  absolute  spinal  cord  volumes.    His  small  fetuses 

TABLE  20 

Length  of  t?^e  colliculi 

Fonnula:  Colliculi  length  (cm.)  «  .015  crown-heel  length  (cm.)  +  .47. 

(117  cases) 


CBOWN-HKBL  LBNOTH 

OBSBBVCD  LBNOTH 

CALCITLATBD 

LBNOTH  OF 

THB  COLLICULI 

DOTBRBNCB 

OBSBBTBD  AND 

CALCULATBD 

MXANS 

NX7MBBB 

Ranee 

Mean 

Mazi- 

Mini, 
mum 

Mean 

em, 
Oto    5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

cm. 

13.0 
16.9 
22.5 
26.9 
32.8 
37.1 
42.2 
48.3 
52.2 

em. 

0.9 
0.9 
1.0 
1.0 
1.7 
1.1 
1.2 
1.4 
1.3 

em. 

0.5 
0.5 
0.7 
0.7 
0.8 
0.9 
1.0 
1.1 
1.1 

em. 

0.66 
0.74 
0.80 
0.90 
0.99 
0.98 
1.10 
1.23 
1.20 

em. 

0.66 
0.73 
0.81 
0.87 
0.96 
1.03 
.      1.10 
1.20 
1.25 

em. 

0 
-0.01 
+0.01 
-0.03 
-0.03 
+0.05 

0 
-0.03 
+0.05 

11 
14 
18 

12 

16 
18 

12 

8 
8 

TABLE  30 

Calculated  length  of  the  colliculi  at  B-cm.  intervals  of  crown-heel  length 


CBOWH-HBXL  LBNOTB 

LBNOTH  or  COLLICULI 

IMCBBIIBNT  IN  BACH 
5-CM.  INTEBVAL 

BATIO  TO  NBW-BOBN 

cm. 
5 

10 

cm. 

em. 

percent 

percent 

' 

. 

15 

0.695 

57.0 

20 

0.775 

0.75 

10.8 

63.1 

25 

0.845 

0.75 

9.8 

69.3 

30 

0.920 

0.75 

8.9 

75.4 

35 

0.995 

0.75 

8.2 

81.5 

40 

1.070 

0.75 

7.6 

87.8 

45 

1.145 

0.75 

7.0 

93.9 

50 

1.220 

0.75 

6.6 

100.0 

55 

1.295 

0.75 

6.2 

106.2 
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(obtained  by  sectioning)  show  an  absolute  volume  of  0.034  ec. 
at  approximately  the  close  of  the  first  month,  while  his  two 
largest  fetuses  (new-bom)  have  a  cord  volume  of  about  3  cc. 

The  percentage  increment  of  the  spinal  cord  volume  when  de- 
termined for  5-cm.  intervals  of  crown-heel  body  length  (fig.  26, 
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Fig.  19  Field  graph  and  curve  of  the  growth  of  the  midbrain  in  fetal  life  as 
shown  by  the  coUiculi  length.  Abscissa:  total  body  length  in  cm.  Ordinate: 
colliculi  length  in  cm.  Individual  cases  indicated  by  solid  dots.  Curve  drawn 
to  the  formula:    Y  =  0,015JC  +  0.47.     (Data  from  tables  29  and  30.) 

curve  X)  is  47  per  cent  for  the  lO-to-15-cm.  interval.  It  rises  to 
about  55  per  cent  for  the  15-to-20-cm.  interval,  and  then  falls  to 
about  25  per  cent  for  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  spinal  cord  volume  when 
calculated  for  fetal  months  (fig.  28,  curve  I)  shows  a  rate  of  growth 
of  approximately  94  per  cent  in  the  fourth  month  and  then  de- 
scends steadily  to  26  per  cent  in  the  last  fetal  month. 
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The  relation  of  the  spinal  cord  volume  to  the  volume  of  the 
entire  brain  is  shown  in  figure  22  and  in  table  40.  At  the  middle 
of  the  second  month  the  cord  volimie  is  equal  to  4.4  per  cent  of 
the  total  brain  volume.  It  then  drops  rapidly  at  first  and 
afterward  more  slowly  to  about  0.85  per  cent  of  the  total  brain 
volume  at  birth. 

TABLE  81 

FrarUospinal  length 

Formula:  Frontospinal  length  (cm.)  =»  (2  crown-heel  length  (cm.))*'  —  2.2 

(145  cases) 


CBOWN-HVEL  LKWOTH 

OBSKB^KD  FRONTO- 
SPINAL LBNOTH 

CALCULATBD 

DimBBNCB 
BVrWBBN 

NUMBBR 

PBONTOePINAL 
LBNOTH 

OB8BBTBD  AND 

CALCULATBD 

MBANB 

Ranse 

Mean 

Mazi- 

mum 

Mini- 
mum 

Mean 

OPCABBS 

em. 

cm. 

cm. 

em. 

cm. 

em. 

em. 

Oto    5 

4.0 

1.0 

0.7 

0.9 

0.5 

-0.5 

3 

5  to  10 

6.8 

1.7 

1.0 

1.4 

1.2 

-0.2 

9 

10  to  16 

12.1 

2.9 

1.9 

2.1 

2.3 

+0.2 

20 

15  to  20 

16.6 

3.5 

2.6 

2.9 

3.0 

+0.1 

14 

20  to  25 

22.6 

4.5 

3.0 

3.8 

3.8 

0 

20 

25tod0 

27.0 

4.6 

3.4 

4.1 

4.3 

+0.2 

15 

d0to35 

32.8 

5.3 

4.3 

4.8 

4.9 

+0.1 

17 

35  to  40 

37.1 

6.5 

4.0 

5.3 

5.4 

+0.1 

19 

40  to  45 

42.2 

6.8 

5.1 

5.9 

5.8 

-0.1 

12 

45  to  50 

48.2 

6.9 

5.9 

6.3 

6.4 

+0.1 

8 

50  to  55 

52.2 

7.3 

6.3 

6.8 

6.7 

-0.1 

8 

TABLE  S2 

Calculated  frofUoapinal  length  at  6-cm,  intervale  of  erawn'heel  length 


CBOWN-HBBL  LBNOTH 

CALCULATBD  FBONTO- 
flPINAL  LENGTH 

INCBBMBNT  IN  BACH 
0-CM.  INTEBVAL 

RATIO  TO  NBW-BORN 

em. 

em. 

cm. 

percent 

percent 

5 

0.75 

11.5 

10 

1.89 

1.14 

152.0 

29.0 

15 

2.75 

0.86 

44.8 

42.2 

20 

3.46 

0.71 

28.2 

53.1 

25 

4.09 

0.63 

18.2 

62.8 

30 

4.65 

9.56 

13.4 

71.4 

35 

5.17 

0.52 

12.4 

79.5 

40 

5.64 

0.47 

9.3 

86.6 

45 

6.09 

0.45 

8.0 

94.5 

50 

6.51 

0.42 

6.7 

100.0 

55 

6.91 

0.40 

6.3 

106.2 
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The  absolute  length  of  the  spmal  cord  (fig.  23)  ascends  rather 
sharply  from  2.2  cm.  length  at  5  cm.  (C  H)  to  9.2  cm.  at  25  cm. 
(C  H).  It  then  ascends  more  slowly  to  14.2  cm.  at  birth  (50  cm. 
C  H).    Its  empirical  formula  is: 

Length  of  spinal  cord  (cm.)    =   (10.0  C  H  body 

length  (cm.))-*"  -  4.0 

The  curve  of  cord  length,  when  plotted  against  time,  is  quite 

similar  to  that  plotted  against  body  length,  but  the  rise  is  a  more 

rapid  one  (fig.  32,  curve  IV). 


55cni 


Fig.  20  Field  graph  and  curve  of  the  growth  of  the  brain  stem  in  fetal  life  as 
shown  by  the  fron to-spinal  length.  Abscissa:  total  body  length  in  cm.  Ordi- 
nate: fron to-spinal  length  in  cm.  Individual  cases  indicated  by  solid  dots. 
Curve  drawn  to  the  formula :    Y  =  (2.0X)  •«  -  2.2.    (Data  from  tables  31  and  32.) 

The  percentage  increment  of  the  cord  length  as  calculated  for 
5-cm.  intervals  of  crown-heel  length  (fig.  25,  curve  VIII)  is  about 
109  per  cent  for  the  5-to-lO-cm.  interval,  falls  rapidly  to  23  per 
cent  for  the  15-to-20-cm.  interval,  and  then  gradually  to  6  per 
cent  for  the  50-to-55-cm.  interval. 

The  percentage  increment  of  the  spinal-cord  length  when  cal- 
culated for  fetal  months  (fig.  27,  curve  V)  shows  a  rate  of  growth 
of  approximately  400  per  cent  in  the  third  month,  descending 
rapidly  to  26  per  cent  in  the  sixth  month,  and  then  gradually  to 
nearly  6  per  cent  in  the  last  month  of  the  fetal  period. 
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DISCUSSION 


The  discussion  of  the  results  of  this  work  will  be  limited  to, 
1)  a  comparison  of  the  growth  of  the  central  nervous  system  as  a 
whole  with  that  of  the  various  other  viscera  and  parts  of  the  body 
in  the  fetal  period;  2)  the  analysis  of  the  type  of  growth  of  the 


TABLE  83 

Volume  of  the  spinal  cord 
Fonnula:  Spinal  cord  volume  (cc.)  =»  .01 1(0.17  crown-heel  length  (cm.)  )'»^  +  11.1 

(128  cases) 


CBOWN-HBEL  UBNOTH 

OBSERTVO  VOLUME  OF 
SPINAL  CORD 

CALCULATED 
VOLUME  OF 
SPINAL  CORD 

DIFFERENCE 

OBSERVED  AND 

CALCULATED 

MEANS 

NUMBBB 

Range 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

OP  CASES 

em. 

cm. 

cc. 

cc. 

ee. 

CC. 

CC. 

Oto    5 

5  to  10 

7.2 

0.05 

0.05 

0.05 

0.13 

0.08 

3 

10  to  15 

12.5 

0.3 

0.1 

0.2 

0.2 

0 

18 

15  to  20 

16.5 

0.5 

0.1 

0.3 

0.3 

0 

14 

20  to  25 

22.6 

0.7 

0.3 

0.5 

0.4 

-0.1 

19 

25  to  30 

26.9 

1.1 

0.3 

0.65 

0.6 

0 

14 

30  to  35 

32.6 

1.4 

0.5 

0.9 

0.9 

0 

17 

35  to  40 

37.0 

2.1 

0.7 

IJ 

1.1 

0 

17 

40  to  45 

41.9 

2.3 

1.2 

1.7 

1.7 

0 

11 

45  to  50 

48.0 

3.1 

1.4 

2.4 

2.3 

-0.1 

7 

50  to  55 

52.2 

3.8 

1.8 

2.5 

2.8 

+0.3 

8 

TABLE  34 

CcdctUcUed  spinal  cord  volume  at  S-cm.  intervals  of  crownwheel  length 


CBOWN-BBBL  LENGTH 

SPINAL  CORD  VOLUMB 

INCREMENT  IN  BACH 
6-CM.  INTERVAL 

BATIO  TO  KBW-BOBir 

cm. 

5 

10 

cc. 

cc. 

percent 

per  cent 

0.15 

5.9 

15 

0.22 

0.07 

46.7 

8.6 

20 

0.34 

0.12 

54.5 

13.3 

25 

0.52 

0.18 

53.0 

20.3 

30 

0.77 

0.25 

48.1 

30.1 

35 

1.09 

0.32     . 

41.5 

42.5 

40 

1.49 

0.40 

36.7 

58.2 

45 

1.98 

0.49 

32.9 

77.4 

50 

2.56 

0.58 

29.2 

100.0 

55 

3.24 

0.68 

24.5 

126.5 
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central  nervoxis  system  into  its  component  parts;  3)  observations 
upon  the  relation  of  volmnetric  and  lineal  measurements  of  the 
nervous  system,  and,  4)  a  summary  of  the  proportions  which  the 
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Fig.  21  Field  graph  and  curve  of  the  growth  of  the  spinal  cord  in  weight  and 
volume  during  fetal  life.  Abscissa:  total  body  length  in  cm.  Ordinate:  spinal 
cord  weight  and  volume  in  grams  (cc).  Individual  cases  indicated  by  solid 
dots  (for  weights)  and  by  circles  (for  volume).  Curve  drawn  to  the  formula: 
Y  =  0.01  [(0.17-X:)*."  +  11.0].    (Data  from  tables  33,  34,  36.) 

various  brain  parts  form  of  the  encephalon  in  prenatal  life.  The 
consideration  of  the  growth  of  the  fetal  brain  and  the  spinal  cord 
in  relation  to  the  postnatal  changes  of  these  structures  is  reserved 
for  a  later  publication.    It  is  hoped  also  that  it  will  be  possible 
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to  present  at  a  later  time  an  outline  of  the  prenatal  growth  of  the 
various  internal  parts  of  the  brain  for  which  data  are  now  being 
collected. 

Growth  of  the  central  nervous  system  as  a  whole 

The  growth  curve  of  the  central  nervous  system  (represented  by 
the  volume  of  the  central  nervous  system,  fig.  2)  is  analogous 
in  both  its  character  and  its  slope  to  the  growth  curves  of  nearly 
all  the  fetal  viscera.    The  abscissa  of  this  curve  is  the  crown- 

TABLE  35 

Spinal  cord  volume  and  weight 
(data  of  Jackson,  '09,  andofVolpin,  *0£) 


RANOB  or 

BPINAL-CORD  VOLUME  (jACKSON,  '00) 

SPINAL<COBD  WEIGHT  (VOLPIN,  '02) 

CBOWN-HEBL 
LBNQTH 

Average 

crown-heel 

length 

Average 
cord  volume 

Number 
of  cases 

Average 

crown-heel 

length 

Average 
cord  weight 

Number 
of  cases 

em. 

oto   6 
6  to  10 
10  to  16 
16  to  20 
20  to  26 
26  to  30 
30  to  36 
36  to  40 
40  to  46 
46  to  60 
60  to  66 

cm. 

1.77 
7.7 
12.3 
17.1 
22.4 
27.4 
32.7 
38.6 
44.2 

61.9 

cc. 
0.02226 
0.116 
0.1671 
0.3447 
0.664 
0.908 
1.63 
1.8 
3.3 

3.04 

3 
3 
3 
6 

4 
6 
2 

1 
1 

2 

cm. 

16.0 
20.0 
28.0 
32.7 
38.6 
41.8 
46.7 
61.0 

fframa 

0.76 

1.6 

2.0 

3.0 

3.76 

4.6 

6.6 

9.6 

1 
1 
1 
3 
2 
3 
3 
3 

heel  length  and  represents  a  simple  lineal  type  of  growth.  The 
value  of  the  central  nervous  system  is  therefore  a  f imction  of  the 
crown-heel  length  which  has  been  raised  to  approximately  the  third 
power.  Obviously,  this  is  a  typicsil  concave  volumetric  curve.  It 
is  similar  in  type  to  all  of  the  visceral  volumetric  and  ponderal 
curves  of  growth  which  have  been  worked  out  in  this  laboratory 
and  of  which  a  summary  has  been  published  elsewhere  (Scammon, 
^21).  It  is  also  analogous  to  the  curves  of  fetal  body  weight 
and  of  weights  of  body  parts  which  have  been  expressed  in  func- 
tions of  the  crown-heel  length  of  the  fetus.    In  order  to  compare 
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the  growth  of  the  central  nervous  system  to  the  growth  of  other 
parts  of  the  body  it  has  been  considered  as  a  unit.  It  is  however 
a  complex  of  four  distinct  subtypes  of  growth,  all  of  which  are 
dominated  by  the  growth  of  the  bulky  cerebral  hemispheres.* 
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Fig.  22  Field  graph  and  curve  (connecting  the  average  points  of  each  5-cm. 
crown-heel  interval)  of  the  per  cent  which  the  spinal  cord  volume  forms  of  the 
encephalon  volume.  Abscissa:  total  body  length  in  cm.  Ordinate:  spinal 
cord  in  per  cent  of  the  encephalon  volume.  Individual  casefs  indicated  by  solid 
dots.     (Data  from  table  40.) 

>  In  order  to  compare  these  four  types  of  growth,  ten  methods  were  used :  1 )  the 
various  absolute  length  curves  (fig.  29)  were  calculated  against  crown-heel  body 
length  (cm.)  and  reduced  to  a^  percentage  basis;  2)  the  absolute  volume  curves 
likewise  (fig.  30)  were  taken  to  crown-heel  length  and  reduced  to  a  per  cent  basis; 
3)  the  absolute  length  curves  (fig.  33)  were  calculated  for  age  in  fetal  months  and 
reduced  to  a  common  per  cent;  4)  the  absolute  volume  curves  also  (fig.  36)  were 
taken  to  age  in  fetal  months  and  reduced  to  a  percentage  basis;  5)  percentage 
increments  of  linear  curves  (fig.  25)  were  calculated  for  5-cm.  C  H  intervals; 
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TABLE  80 

Length  of  the  spinal  cord 

Formula:  Spinal  cord  length  (cm.)  «  10  crown-heel  length  (cm.)-^'  —  4 

(144  cases) 


CBOWIT-HBXL  LBNOTH 

OBSBBYBD 
SPINAL  COBD  LBN OTH 

CALCULATBD 

SPINAL  COBD 

LBNOTH 

DIVTBBENCB 

BBTWBBN 

OBSBBVBDAND 

CALOULATBD 

MBAN8 

NUMBBB 

Range 

Mean 

Mazi- 
mum 

Mini- 

miiTin 

Mean 

arcAsas 

em. 

em. 

em. 

em. 

em. 

cm. 

em. 

Oto    5 

3.9 

2.6 

1.4 

1.9 

1.4 

-0.6 

4 

5  to  10 

7.7 

4.0 

2.3 

3.0 

3.6 

+0.6 

9 

10  to  16 

12.1 

6.2 

4.0 

4.7 

5.4 

+0.7 

20 

16  to  20 

16.7 

9.7 

6.3 

7.0 

6.9 

-0.1 

14 

20  to  26 

22.7 

10.7 

7.0 

8.7 

8.6 

-0.1 

20 

26  to  30 

26.9 

10.7 

8.6 

9.76 

9.6 

-0.1 

14 

30  to  35 

32.6 

13.3 

9.0 

10.6 

10.9 

+0.3 

18 

86  to  40 

37.1 

16.6 

9.6 

12.2 

11.8 

-0.4 

17 

40  to  46 

42.2 

14.0 

11.0 

12.4 

12.8 

+0.4 

12 

46  to  60 

4S.2 

14.8 

12.7 

13.6 

13.9 

+0.4 

8 

60  to  66 

62.2 

16.8 

13.2 

14.6 

14.6 

+0.1 

8 

TABLE  37 
Calculated  spinal  cord  length  at  S-cm,  intervals  of  crown-heel  length 


OBOWN-HBBL  LBNOTH 

SPINAL  COBD  LBNOra 

INCBBMBMT  IN  BACH 
6-CM.  INTBBVAL 

BATIO  TO  NBW-BOBH 

em. 

em. 

em. 

peroffU 

jHT  rent 

5 

2.2 

16.5 

10 

4.6 

2.4 

109.0 

32.4 

16 

6.4 

1.8 

39.2 

45.0 

20 

7.9 

1.5 

23.4 

56.6 

26 

9.2 

1.3 

16.4 

64.8 

30 

10.4 

1.2 

13.0 

73.3 

36 

11.4 

1.0 

9.6 

80.3 

40 

12.4 

1.0 

8.2 

87.3 

45 

13.3 

0.9 

7.5 

94.0 

60 

14.2 

0.9 

6.5 

100.0 

65 

15.0 

0.8 

6.9 

105.6 

6)  percentage  increments  of  volume  curves  (fig.  26)  were  determined  for  6-cm. 
intervals;  7)  percentage  increments  of  linear  curves  (fig.  27)  were  calculated  for 
age  in  fetal  months;  8)  percentage  increments  of  linear  curves  (fig.  28)  were 
determined  for  age  in  fetal  months;  0)  the  various  linear  formulae  of  the  respective 
absolute  curves  (table  43)^  and,  10)  the  volumetric  formulae  of  the  absolute 
volume  curves  (table  43)  were  compared. 
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The  first  type,  cerebral  growth,  is  characterized  by  a  constant 
growth  in  linear  measurements  from  the  second  fetal  month  imtil 
birth,  and  shows  a  steady  and  relatively  slow  increase  in  volume 
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Fig.  23  Field  graph  and  curve  of  the  growth  of  the  spinal  cord  in  fetal  life 
as  shown  by  the  spinal  cord  length.  Abscissa:  total  body  length  in  cm.  Ordi- 
nate: spinal  cord  length  in  cm.  Individual  cases  indicated  by  solid  dots.  Curve 
drawn  to  the  formula:    Y  =  (lO.OZ).*"  -  4.0.    (Data  from  tables  36  and  37.) 

before  the  sixth  fetal  month  and  a  constant  but  more  rapid  in- 
crease from  that  time  until  birth.  Brain  stem  and  cord  growth,  on 
the  other  hand,  advances  much  faster  previous  to  the  seventh 
fetal  month  than  it  does  in  the  last  four  months  of  fetal  life. 
Cerebellum  growth,  on  the  contrary,  proceeds  slowly  imtil  the 
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seventh  fetal  month  and  from  that  time  imtil  birth  it  exceeds  all 
other  growth  activity  in  the  central  nervous  system.  The  last 
type,  compound  growth,  represents  merely  the  combined  effect 
of  two  or  more  of  the  above  tjrpes  predominated  by  the  mass  of 
the  cerebral  hemispheres.  These  varieties  of  growth  will  now  be 
considered  in  more  detail. 

TABLE  38 

Combined  brain-cord  length 

Formula:  Brain-cord  length  (cm.)  =  (10  crown-heel  length  (cm.))-'^*  —4 

(137  cases) 


CBOWN-HSBL  LENGTH 

OB8EBVBD 
BBAIN-CORD  LEXGTH 

CALCULATED 

BRAIN-COBD 

LENGTH 

DirFBRBNCE 

BETWEEN 

OBSERVED  AND 

CALCULATED 

MEANB 

NUMBER 

Range 

Mean 

Mazi- 
mum 

Mini- 
mum 

Mean 

cm. 
Oto   5 
5  to  10 
10  to  15 
15  to  20 
20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 

cm. 
4.0 
7.1 
12.1 
16.6 
22.6 
26.9 
32.8 
37.1 
42.2 
48.2 
52.2 

cm. 

4.9 

5.7 

8.5 

12.7 

14.7 

15.1 

18.4 

20.2 

19.7 

21.7 

23.1 

cm. 

3.1 

4.0 

5.0 

7.9 

10.2 

12.1 

14.1 

13.5 

16.1 

18.8 

20.4 

cm. 

3.0 

4.4 

6.9 

9.8 

12.4 

13.8 

15.4 

17.4 

18.1 

19.8 

21.3 

cm. 

2.7 
4.9 

7.8 
9.8 
12.2 
13.8 
15.6 
16.9 
18.4 
19.9 
20.9 

cm. 
-0.3 
+0.5 
+0.9 

0 
-0.2 

.0 

-0.2 
-0.5 
-0.3 
+0.1 
-0.4 

3 

7 

20 

14 

19 

13 

16 

17 

11 

9 

8 

TABLE  39 
Calculated  combined  brain-cord  length  at  6-cm.  intervals  of  crown-heel  length 


CBOWN-HBEL  LENGTH 

BRAIN-CORD  LENGTH 

INCREMENT  IN  EACH 
6-CM.  INTERVAL 

RATIO  TO  NEW-BORN 

cm. 

cm. 

cm. 

per  cent 

percent 

5 

3.5 

17.2 

10 

6.6 

3.1 

88.5 

32.3 

15 

9.2 

2.6 

39.4 

45.1 

20 

11.2 

2.0 

21.7 

54.9 

25 

13.1 

1.9 

17.0 

64.2 

30 

14.8 

1.7 

13.0 

72.6 

35 

16.3 

1.5 

10.1 

79.9 

40 

17.8 

1.5 

9.2 

87.2 

45 

19.1 

1.3 

7.3 

93.6 

50 

20.4 

1.3 

6.4 

100.0 

55 

21.6 

1.2 

5.9 

106.0 

Digitized  by  VjOOQ IC 


GKOWTH   OP  THE   FETAL  CENTRAL  NERVOUS  SYSTEM        463 

Cerebral  growth.  The  growth  of  the  cerebrum  is  characterized 
by  a  steady  absolute  increment  in  all  of  its  linear  measurements 
from  the  second  fetal  month  until  birth.  This  can  be  observed 
by  the  inspection  of  the  curves  of  the  fronto-occipital  length  and 
the  temporal  diameter  (fig.  29,  curves  I  and  II,  respectively). 
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Fig.  24  Field  graph  and  curve  of  the  growth  of  the  spinal  cord  and  brain  stem 
in  fetal  life  as  shown  by  the  brain-cord  length.  Abscissa:  total  body  length  in 
cm.  Ordinate:  brain-cord  length  in  cm.  Individual  cases  indicated  by  solid 
dots.  Curve  drawn  to  the  formula:  Y  =  (lO.OX).*"  -4.0.  (Data  from  tables 
38  and  39.) 

These  curves  are  both  straight  lines  and  lie  intermediate  to  the 
vermis  cerebelh  absolute  curves  below  and  to  the  curve  of  the 
spinal  cord  above.  When  calculated  against  time  in  fetal  months 
(fig.  33,  curves  I  and  TI),  the  fronto-occipital  length  and  the 
{Text  continued  on  page  J^Jff) 
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TABLE  40 

Ratios  of  the  volumes  of  the  various  parts  of  the  cer^tral  nervous  system  to  the  entire 

brain  volume 


RATIO  or: 

CROWir-HXBL 

LBXrOTB  BAMGB 

Spinal  cord 

PonB  and 
medulla 

Midbrain 

Cerebellum 

Cerebral 
hemiapheres 

em. 
5  to  10 

4.70 

10  to  15 

3.30 

6.6 

2.90 

3,0 

.     87.7 

16  to  20 

2.40 

3.6 

2.40 

3.0 

90.9 

20  to  26 

1.70 

2.7 

1.60 

3.1 

93.1 

26  to  30 

1.60 

2.2 

1.40 

3.0 

94.0 

30  to  36 

1.20 

1.9 

0.96 

2.8 

94.2 

36  to  40 

0.81 

1.7 

0.90 

3.8 

94.1 

40  to  46 

0.90 

1.6 

0.87 

4.4 

93.2 

46  to  60 

0.84 

1.6 

0.70 

6.2 

92.0 

60  to  66 

0.70 

1.4 

0.67 

5.8 

91.8 

1ablc41 
CoMMRDON  or  TIC  Vbotrra  AnoViJuncs 
or  THC  3iWALGxu>.Tnc  DiTK.  Oraim  ATiD  iiii:  Vunio^ 
Di  THc  Tctml  Pcnoo 
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lo 
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Fig.  25  A  series  of  curves  illustrating  the  percentage  increments  of  the  various 
linear  dimensions  of  the  brain,  brain  parts,  and  spinal  cord.  Abscissa:  total 
body  length  in  cm.  Ordinates:  percentage  increments  calculated  from  the 
formulae  of  the  respective  absolute  curves.  (Data  from  tables  14,  16,  20,  22,  26, 
30,  32,  37,  and  39.)  I,  percentage  increment  of  fronto-occipital  diameter.  II, 
percentage  increment  of  temporal  diameter.  Ill,  percentage  increment  of  vermis 
cerebelli  length.  IV,  percentage  increment  of  vermis  cerebelli  height.  V,  per- 
centage increment  of  pons  length.  VI,  percentage  increment  of  coUiculi  length. 
VII,  percentage  increment  of  frontospinal  length.  VIII,  percentage  increment 
of  spinal  cord  length.    IX,  percentage  increment  of  brain-cord  length. 
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Fig.  26  A  series  of  curves  illustrating  the  percentage  increments  of  the  various 
volumetric  determinations  of  the  brain,  brain  parts,  and  spinal  cord.  Abscissa: 
total  body  length  in  cm.  Ordinates:  percentage  increments  calculated  from  the 
formulae  of  the  respective  absolute  growth  curves.  (Data  from  tables  2,  4,  6,  8, 
10,  12,  18,  24,  28,  and  34.)  I,  percentage  increment  of  central  nervous  system 
volume.  II,  percentage  increment  of  encephalon  volume.  Ill,  percentage  in- 
crement of  entire  brain  weight  by  literature.  IV,  percentage  increment  of  right 
hemisphere  volume.  V,  percentage  increment  of  left  hemisphere  volume.  VI, 
percentage  increment  of  both  hemisphere  volume.  VII,  percentage  increment 
of  cerebellum  volume.  VIII,  percentage  increment  of  pons  and  medulla  volume. 
IX,  percentage  increment  of  midbrain  volume.  X,  percentage  increment  of 
spinal  cord  volume. 
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Fig.  27  A  series  of  curves  illustrating  the  percentage  increments  of  the  various 
linear  dimensions  of  the  brain,  brain  parts,  and  spinal  cord  when  interpreted  in 
time  in  fetal  months  (as  determined  by  Mall's  convention).  Abscissa:  total 
time  of  fetal  life  in  months.  Ordinate :  percentage  increments  calculated  from 
the  formulae  of  corresponding  absolute  curves  and  transposed  into  time.  (Data 
from  table  41.)  I,  percentage  increment  of  fron to-occipital  diameter.  II, 
percentage  increment  of  temporal  diameter.  Ill,  percentage  increment  of  pons 
length.  IV,  pel'centage  increment  of  colliculi  length.  V,  percentage  increment 
of  spinal  cord  length.  VI,  percentage  increment  of  brain-cord  length.  VII, 
percentage  increment  of  frontospinal  length.  VIII,  percentage  increment  of 
vermis  cerebelli  length.    IX,  percentage  increment  of  vermis  cerebelli  height. 
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Fig.  28  A  series  of  curves  illustrating  the  percentage  increment  of  the  various 
volumetric  determinations  of  the  brain,  brain  parts,  and  spinal  cord.  Abscissa: 
total  time  in  fetal  months  as  determined  by  Mall's  convention.  Ordinates:  per- 
centage increments  calculated  from  the  formulae  of  respective  absolute  growth 
curves.  (Data  from  tablets  2,  4,  5,  8,  10,  12,  18,  24,  28,  and  34.)  I,  percentage 
increment  of  spinal  cord  volume.  II,  percentage  increment  of  pons  and  medulla 
volume.  Ill,  percentage  increment  of  midbrain  volume.  IV,  percentage  in- 
crement of  c^ebellum  volume.  V,  percentage  increment  of  both  hemisphere 
volume.  VI,  percentage  increment  of  the  encephalon  volume.  VII,  percentage 
increment  of  the  volume  of  the  central  nervous  sytem.  VIII,  percentage  in- 
crement of  the  encephalon  weight  (cases  collected  from  the  literature) . 
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Fig.  29  A  series  of  curves  illustrating  the  growth  (in  linear  dimensions)  of  the 
brain,  brain  parts,  and  spinal  cord  in  per  cent  of  the  respective  new-bom  linear 
measurements.  Abscissa:  total  body  length  in  cm.  Ordinates:  linear  dimen- 
sions calculated  in  per  cents  of  the  respective  new-bom  measurements.  Data 
from  the  formulae  in  table  43.  I,  frontal-occipital  diameter.  II,  temporal  diame- 
ter. Ill,  vermis  cerebdli  length.  IV,  vermis  cerebelli  height.  V,  pons  length. 
VI,  coUiculi  length.  VII,  frontospinal  length.  VIII,  spinal  cord  length.  IX, 
brain-cord  length. 
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Fig.  30  A  series  of  curves  illustrating  the  growth  in  the  volumes  of  the  brain, 
brain  parts,  and  spinal  cord  in  per  cent  of  the  respective  new-bom  volumetric 
determinations.  Abscissa:  total  body  length  in  cm.  Ordinate:  volumes  cal- 
culated in  per  cents  of  the  respective  new-bom  volumetric  determinations. 
(Data  from  the  formulae  in  table  43.)  I,  volume  of  the  central  nervous  system. 
II,  encephalon  volume.  Ill,  encephalon  weight  by  cases  from  the  literature. 
rv,  right  hemisphere  volume.  V,  left  hemisphere  volume.  VI,  both  hemi- 
sphere volumes.  VII,  cerebellum  volume.  VIII,  pons  and  medulla  volume. 
IX,  midbrain  volume.    X,  spinal-cord  volume. 
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Fig.  31  A  series  of  curves  illustrating  the  growth  of  the  pons,  colliculi,  and 
vermis  cerebelli  by  linear  measurements.  Abscissa:  fetal  months  (crown-heel 
reduced  to  time  by  Mall's  convention).  Ordinates:  lengths  of  pons,  colliculi, 
and  vermis  cerebelli  in  cm.  (Data  from  formulae  in  table  43.)  I,  vermis  cere- 
belli length.    II,  vermis  cerebelli  height.    Ill,  pons  length.    IV,  coUiculi  length. 
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Fig.  32  A  series  of  curves  illustrating  by  linear  measurements  the  growth  of 
the  cerebrum,  brain  stem,  and  spinal  cord.  Abscissa:  fetal  months  (crown- 
heel  reduced  to  time  by  Mall's  convention).  Ordinates:  lengths  of  the  cere- 
brum, brain  stem,  and  spinal  cord  in  cm.  (Data  from  formulae  in  table  43.) 
I,  fronto-occipital  diameter.  II,  temporal  diameter.  Ill,  frontospinal  length. 
iV,  spinal  cord  length.    V,  brain-cord  length. 
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Fig.  33  A  series  of  curves  illustrating  the  growth  (in  linear  dimensions)  of  the 
brain,  brain  parts,  and  spinal  cord  calculated  in  per  cents  of  the  resi>ectiye  new- 
bom  linear  measurements.  Abscissa:  fetal  months  (crown-heel  length  reduced 
to  time  by  Mali's  convention).  Ordinates:  linear  dimensions  calculated  in 
per  cents  of  the  respective  new-bom  measurements.  (Data  from  the  formulae 
in  table  43.)  I,  fron to-occipital  diameter.  II,  temporal  diameter.  Ill,  ver- 
mis cerebelli  length.  IV,  vermis  cerebelli  height.  V,  pon  length.  VI,  collic- 
uli  length.  VII,  frontospinal  length.  VIII,  spinal-cord  length.  IX,  brain- 
cord  length. 
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Fig.  34  A  series  of  curves  illustrating  the  growth  of  the  cerebrum  and  cere- 
bellum as  shown  by  volumetric  determinations.  Abscissa:  fetal  months  Ccrown- 
heel  length  reduced  to  time  by  Mall'^  convention).  Ordinates:  volumes  of  the 
encephalon,  right  hemisphere,  and  cerebellum.  (Data  from  formulae  in  table  43.) 
I,  encephalon  volume.  II,  right  hemisphere  volume.  Ill,  cerebellum  volume. 
IV,  central  nervous  sytem  volume.  V;  encephalon  weight  (data  collected  from 
the  literature).     VI,  both  hemisphere  volume. 
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Fig.  35  A  series  of  curves  illustrating  the  growth  of  the  cerebellum,  pons  and 
medulla,  midbrain,  and  spinal  cord.  Abscissa:  fetal  months  (crown-heel  re- 
duced to  time  by  Mall's  convention).  Ordinates:  volumes  of  the  cerebellum, 
pons  and  medulla,  midbrain,  and  spinal  cord.  (Data  from  the  formulae  in  table 
43.)  I,  cerebellum  volume.  II,  pons  ^d  medulla  volume,  III,  midbrain 
volume.    IV,  spinal  cord  volume. 
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Fig.  36  A  series  of  curves  illustrating  growth  of  the  brain,  brain  parts,  and 
spinal  cord  in  per  c^nt  of  the  respective  new-bom  volumetric  determinations. 
'Abscissa:  fetal  months  (crown-heel  reduced  to  time  by  Mall's  convention). 
Oidinates:  per  cents  of  volumes  as  compared  with  the  respective  new-bom  volu- 
metric determinations.  (Data  from  the  formulae  in  table  43.)  I,  encephalon 
volume.  II,  cerebral  hemispheres  volume.  Ill,  cerebellum  volume.  IV,  pons 
and  medulla  volume.    V,  midbrain  volume.    VI,  spinal  cord  volume. 
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Fig.  37  A  series  of  midsagittal  tracings  of  the  brain  and  brain  stem.  Each 
figure  represents  an  average  brain  m  each  5-cm.  crown-heel  interval.  A,  ca. 
4  cm.  C  H  length.  B,  ca.  7.5  cm.  CH  length.  C,  ca. 2.5  cm.  C  H  length.  D,  ca.' 
17.5  cm.  C  H  length.  E,  ca.  22.5  cm.  C  H  length.  F,  ca.  27.5  cm.  C  H  length. 
G,  ca.  32.5  cm. CHlength.  H,  ca.  37.5  cm. CH  length.  I,  ca.  42.5  cm.  C  H  length. 
J,  ca.  47.5  cm.  C  H  length.    K,  ca.  52.5  cm.  C  H  length. 
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temporal  diameter  are  practically  identical.  They  occupy  the 
same  characteristic  intermediate  position  between  the  cerebellum 
and  the  brain  stem  and  spinal  cord  absolute  growth  curves.  The 
rate  of  growth  of  the  fronto-occipital  diameter,  when  calculated 
from  5-cm.  C  H  intervals  (fig.  25,  curves  I  and  II)  and  also  when 
calculated  for  age  in  fetal  months  (fig.  27,  curves  I  and  II),  por- 
trays an  intermediate  percentage  increment  curve  lying  between 
the  cerebellum  above  and  the  brain  stem  below.  The  formulae 
of  the  fronto-occipital  length  and  the  temporal  diameter  (table 
43)  Ukewise  show  a  characteristic  grouping  of  the  hemispheres  to 
the  general  formula:  Y  =  aX  +  &,  in  which  Y  is  the  fronto- 
occipital  length  or  the  temporal  diameter  in  cm.,  X  is  the  crown- 
heel  length  in  cm.,  and  a  and  &  are  constants  determined  for  the 
two  formulae. 

Cerebral  growth  in  volume  shows  a  steady  and  relatively  slow 
increase  before  the  sixth  fetal  month  and  then  a  constant  but  more 
rapid  increase  from  that  time  until  birth.  This  is  indicated  by 
the  right  hemisphere  volimie,  left  hemisphere  volume,  and  both 
hemisphere  volume  (figs.  4,  5,  and  6,  respectively).  When  cal- 
culated against  crown-heel  length  and  reduced  to  percentage 
basis  (fig.  30),  the  right  hemisphere  volume,  left  hemisphere 
volume,  and  the  volume  of  both  hemispheres  (curves  IV,  V,  and 
VI,  respectively),  as  well  as  the  absolute  curves  of  the  central 
nervous  system  and  the  total  brain  volume  (curves  I  and  II,  re- 
spectively), fall  practically  upon  one  another.  The  cerebellimi 
volume  curve  lies  below  and  the  brain  stem  and  spinal  cord  vol- 
ume curve  above  the  curves  dominated  by  the  factor  of  cerebral 
growth.  Upon  inspection  of  the  curve  of  both  hemisphere 
volimie  when  calculated  agaiast  time  in  fetal  months  and  reduced 
to  a  percentage  basis  (fig.  36,  curve  II),  a  similar  central  grouping 
between  the  cerebellum  volume,  the  brain  stem  volume,  and 
spinal  cord  volimae  is  observed.  Turning  to  the  figures  upon  the 
rate  of  growth  of  the  cerebrum,  which  is  determined  for  5-cm. 
intervals  (fig.  26,  curves  IV,  V,  and  VI)  and  for  age  in  fetal  months 
(fig.  28,  curve  V),  one  observes  the  unswerving  tendency  of  the 
cerebral  growth  to  proceed  faster  before  the  sixth  month  and 
slower  thereafter. 
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Fig.  38  A  series  of  midsagittal  tracings  (of  the  specimens  shown  in  figure  35) 
drawn  to  a  standard  fron to-occipital  length.  A,  ca.  4  cm.  C  H  length.  B,  ca. 
7.5  cm.  C  H  length.    C,  ca.  12.5  cm.  C  H  length.      D,  ca.  17.5  cm.  C  H  length. 
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E,  ca.  22^  cm.  C  H  length.  F,  ca.  27.5  cm.  C  H  length.  G,  ca.  32.5  cm.  C  H 
length.  H,  ca.  37.5  cm.  C  H  length.  I,  ca.  42.5  cm.  C  H  length.  J,  ca.  47.5  cm. 
C  H  length.     K,  ca.  52.5   cm.  C  H  length. 
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The  volumetric  formulae  of  the  right  hemisphere  volume,  left 
hemisphere  volume,  and  both  hemisphere  volume  (table  43)  are 
all  expressed  by  the  simple  formula: 

Y  =  (aX)^ 

.  in  which  Y  is  the  value  to  be  determined  in  cc. ;  X,  the  crown- 
heel  length  in  cm.,  and  a  and  b  are  constants  for  the  respective 
volumes. 

Brain  stem  and  spinal  cord  growth.  The  growth  of  the  brain 
stem  and  spinal  cord,  as  shown  by  curves  of  absolute  linear  di- 
mensions and  absolute  volumes,  represents  a  second  definite  tjrpe 
of  growth  in  the  central  nervous  system.  It  is  characterized  by 
a  relatively  rapid  absolute  and  relative  increase  previous  to  the 
sixth  fetal  month  and  a  slow  increase  during  the  last  four  months 
of  intra-uterine  life. 

The  linear  determinations  showing  this  type  of  growth  are  the 
frontospinal  length,  the  spinal  cord  length,  and  the  brain-cord 
length.  When  plotted  against  crown-heel  length  in  centimeters 
and  reduced  to  percentages  of  new-bom  values  (fig.  29,  curves 

VII,  VIII,  and  IX)  these  three  curves  approximate  one  another 
and  ascend  more  rapidly  prior  to  the  sixth  fetal  month  than  they 
do  in  the  last  four  months.  They  are  distinctly  separated  from 
the  cerebral  type  of  growth  and,  when  calculated  in  fetal  months 
and  reduced  to  a  per  cent  of  the  new-bom  (fig.  33,  curves  VII, 

VIII,  and  IX,  respectively),  they  show  even  more  clearly  the 
almost  identical  path  which  they  all  follow.  When  calculated  to 
time,  they  likewise  show  a  rapid  increase  to  the  fifth  fetal  month 
and  a  comparatively  slow  one  thereafter.  The  rates  of  growth  of 
the  brain  stem  and  the  spinal  cord  as  shown  by  these  three  linear 
determinations  can  be  observed  equally  well  when  taken  for 
5  cm.  intervals  (fig.  25,  curves  VII,  VIII,  and  IX,  respectively), 
or  when  calculated  for  age  in  fetal  months  (fig.  27,  curves  VII,  V, 
and  VI,  respectively).  The  brain  stem  and  spinal  cord  grow  at 
a  slower  rate  both  relatively  and  absolutely  than  do  all  other 
brain  parts  during  the  last  four  months  of  fetal  life. 

The  classification  indicated  by  comparison  of  the  absolute 
linear  curves  is  substantiated  by  a  glance  at  their  respective 
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formulae  (table  43).  The  growths  of  most  of  the  group  are  ex- 
pressed by  the  general  empirical  formula: 

Y  =  (aZ)*  -  c 

in  which  Y  is  the  brain-part  value  in  cm.,  X  is  crown-heel  length 
in  cm.,  and  a,  6,  and  c  are  constants  determined  separately  in 
each  case  for  the  frontal  spinal  length,  spinal  cord  length,  and 
the  brain-cord  length. 

Two  other  straight-line  measurements,  one  of  the  colUculi 
length  and  the  other  of  the  pons  length,  do  not  follow  the  typical 
brain  stem  and  spinal  cord  tjrpe  of  growth  for  some  imknown 
reason.  They  are  straight-Une  curves  and  evidently  express  the 
growth  of  some  specific  factor  rather  than  the  growth  of  the 
brain  stem  of  which  they  are  a  part. 

The  brain  stem  and  cord  growth  are  portrayed  also  in  the 
curves  of  the  spinal  cord  volume,  the  pons  and  medulla  volume, 
and  the  midbrain  volume.  When  calculated  against  crown-heel 
length  (fig.  30,  curves  X,  VIII,  and  XI,  respectively),  these 
volmne  curves  show  a  relatively  rapid  absolute  growth  previous 
to  the  sixth  month  and  a  slow  growth  in  the  last  four  months  of 
fetal  life.  They  also  approximate  each  other  and  fall  definitely 
above  the  cerebral  type  of  growth  curve.  They  are  practically 
identical  when  calcxUated  against  fetal  months  and  reduced  to  a 
per  cent  of  the  new-bom  value  (fig.  36,  curves  VI,  IV  and  V,  re- 
spectively). When  the  percentage  increments  of  the  spinal  cord 
volume,  the  pons  and  medulla  volume,  and  the  midbrain  volume 
are  compared  (either  when  calculated  for  5-cm.  C  H  intervals 
(fig.  26,  curves  X,  VIII,  and  IX,  respectively)  or  for  age  in  fetal 
months  (fig.  28,  curves  I,  II,  and  III,  respectively)),  the  distinctive 
types  of  the  brain  stem  and  spinal  cord  growth  are  observed.  They 
show  a  slow  rate  of  relative  growth  in  the  third  month,  which  in- 
creases three-fold  in  rapidity  in  the  fourth  month.  From  this  time 
imtil  birth  the  growth  rate  decreases  in  rapidity  so  that  these  por- 
tions show  a  less  rapid  relative  increase  in  the  last  three  fetal 
months  than  does  any  other  brain  part. 

The  classification  is  indicated  also  by  volumetric  formulae 
(table  43)  which  can  be  expressed  by  the  general  equation: 

Y  =0.01[(aX)*+c] 
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in  which  Y  is  the  value  desired  in  cc,  X  is  the  crown-heel  in  cm., 
and  a,  b,  and  c,  are  constants  determined  for  the  spinal-cord 
volume,  the  pons  and  medulla  volume,  and  the  midbrain  volmne. 

Cerebellum  growth.  Cerebelliun  growth,  as  shown  by  linear 
and  volume  absolute  curves,  proceeds  slowly  imtil  the  sixth  fetal 
month,  and  from  that  time  imtil  birth  outstrips  all  other  growth 
activities  in  the  central  nervous  system. 

The  lineal  determinations  expressing  this  type  of  growth  are 
the  vermis  cerebeUi  length  and  the  vermis  cerebelli  height  (fig. 
29,  curves  III  and  IV).  If  plotted  against  crown-heel  length 
and  reduced  to  per  cents  of  their  new-bom  values,  they  lie  close 
together  and  ascend  slowly  at  first  and  then  more  rapidly  to  birth 
in  very  shallow  concave  curves.  They  are  decidedly  different 
from  all  other  straight-line  absolute  curves  of  the  nervous  system, 
resembling  volmnetric  curves  rather  than  lineal  progressions. 
They  show  a  similar  definite  classification  when  calculated  against 
fetal  months  (fig.  33,  curves  III  and  IV).  The  rate  of  growth 
of  the  cerebellum,  as  shown  by  the  percentage  increment  curves 
of  the  vermis  cerebelli  length  and  the  vermis  cerebelli  height 
either  when  calculated  for  5-cm.  G  H  intervals  (fig.  25,  curves 
III  and  IV)  or  for  age  in  fetal  months  (fig.  27,  curves  VIII  and 
IX),  reflect  the  cerebelliun  tjrpe  of  growth.  During  the  last  four 
fetal  months  the  percentage  increment  of  the  vermis  cerebelli 
length  and  the  vermis  cerebeUi  height  is  higher  by  8  to  10  per 
cent  than  all  other  linear  percentage  increment  curves  of  the  cen- 
tral nervous  system. 

A  consideration  of  the  vermis  cerebelli  length  and  the  vermis 
cerebelli  height  formulae  (table  43)  shows  the  volumetric  tendency 
of  these  linear  formulae.  They  can  be  expressed  by  the  general 
empirical  formula: 

Y  =  0.01  (Z*  +  6) 

in  which  Y  is  the  value  desired  in  cm.,  X  is  crown-heel  in  cm., 
and  a  and  b  are  constants  determined  for  both  the  vermis  cere- 
belli length  and  the  vermis  cerebeUi  height. 

The  curve  of  the  volume  of  the  cerebeUum  is  striking  in  char- 
acter and  demonstrates  the  slow  growth  of  the  structure  prior 
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to  the  sixth  fetal  month  and  the  tremendously  rapid  increment 
from  that  time  imtil  birth.  When  calculated  against  crown-heel 
length  (fig.  30,  curve  VII),  and  also  when  calculated  against  time 
in  fetal  months  (fig.  36,  curve  III),  the  distinct  character  of  the 
cerebellum  volume  is  apparent.  The  formula  of  the  growth 
curve  of  the  cerebellmn  (table  43)  is  also  characteristic,  although 
it  falls  with  the  same  general  formula  as  the  brain  stem  and  spinal- 
cord  volume,  viz.: 

Y  =  0.01  [(aX)ft  +  c] 

However,  it  will  be  noticed  that  the  b  factor  is  4.9  in  the  case  of 
the  cerebellmn  volume.  This  means  that  while  the  spinal  cord 
volume,  midbrain  volimie,  and  the  pons  and  medulla  volmne  are 
increasing  practically  as  the  cube  and  therefore  like  typical 
volimie  curves,  the  cerebelliun  volume  is  growing  at  a  rate 
approaching  the  ninth  power  of  the  body  length.  The  percentage 
increment  of  the  cerebellmn  volume  both  when  calculated  for 
5-cm.  C  H  intervals  (fig.  26,  curve  VII)  or  for  age  in  fetal  months 
(fig.  28,  cm^e  IV),  also  demonstrates  a  specific  type  of  growth 
and  shows  the  great  increment  of  the  part  in  the  later  fetal 
months  as  indicated  by  other  measurements  of  cerebellum 
growth. 

Compound  growth.  Compoimd  growth  indicates  a  simmiation 
of  two  or  all  types  of  growth  in  the  central  nervous  system.  It 
is  typified  by  the  volume  and  weight  of  the  encephalon  and  the 
central  nervous  system  volume.  It  is  dominated  by  the  growth 
of  the  cerebrum,  since  the  cerebrum  ranges  between  85  and  95 
per  cent  of  the  encephalon  throughout  fetal  Hfe.  The  rates  of 
growth  of  the  compoimd  growth  curves,  as  shown  by  percentage 
increments  calculated  for  5-cm.  intervals  (figs.  26,  curves  I,  II, 
and  III)  and  for  fetal  months  (fig.  28,  curves  VI,  VII  and  VIII), 
approximate  the  growth  rate  of  the  cerebrum.  However,  it 
will  be  noticed  that  in  the  early  fetal  months  the  rate  of  growth 
is  not  quite  so  high,  due  to  the  slow  development  of  the  other 
brain  parts  at  this  period. 

The  volmnetric  formulae  (of  the  type  here  presented)  of  the 
central  nervous  system,  the  entire  brain  volume,  and  the  en- 
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cephalon  weight  require  a  third  constant  in  their  expression,  while 
the  voliune  of  the  cerebral  hemispheres  can  be  expressed  mathe- 
matically with  two  constants.  The  general  empirical  formula 
of  compound  growth  can  be  expressed: 

Y  =  {aX)b  +  c 

in  which  Y  is  the  volume  of  the  encephalon  or  entire  central 
nervous  system  in  cc,  X  is  the  crown-heel  length  in  cm.,  and  a, 
&,  and  c  are  constants  separately  determined  for  the  entire  brain 
voliune  and  the  central  nervous  system  volume. 

The  significance  of  the  relation  between  Kneal  and  volumetric 
dimensions  in  the  growth  of  the  parts  of  the  brain.  The  classifica- 
tion of  the  types  of  growth  of  the  central  nervous  system  is  shown 
by  both  the  volume  and  linear  curves.  For  instance,  both  the 
voliune  curve  of  the  cerebellum  and  the  linear  measurements  of  the 
vermis  cerebelli  length  and  the  vermis  cerebelli  height  indicate 
the  characteristic  cerebellum  type  of  growth.  It  is  logical  that 
there  should  be  a  definite  relation  between  the  linear  and  the 
volume  measurements  of  a  brain  part.  It  is  also  evident  that 
the  length  of  a  brain  part  when  it  is  cubed  should  form  a  curve 
identical  in  tjrpe  and  constant  in  relationship  to  the  correspond- 
ing volume  curve,  provided  that  no  additional  factor,  other  than 
that  which  influences  the  growth  in  the  linear  dimensions,  influ- 
ences the  growth  in  volume.  Such  a  relationship  actually  exists 
between  the  formulae  of  the  linear  cerebellum  curves  and  the 
formula  of  the  cerebellum  curve  of  volume.  The  formula  for  the 
cerebellum  length  when  cubed  is  practically  identical  to  the 
formula  of  the  cerebellum  volume.  This  relationship  is  seen 
somewhat  better  when  those  values  are  based  on  the  cube  of  the 
body  length  as  modified  by  three  constants  rather  than  by  a 
formula  based  on  the  body  length  raised  to  a  fractional  exponent. 
The  first  formula  is  expressed  below: 

Cerebellum  volume  (cc.)   =  [0.01  (0.073  Vermis  cerebelli 
length  (cm.)  +  2.85)']' 

Likewise,  the  formula  of  the  cerebellum  height  when  cubed  and 
multiplied  by  the  constant  2.13  is  practically  identical  with  the 
formula  of  the  cerebellum  volume: 
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Cerebellum  volume  (cc.)   +  [0.01  (0.07  Vermis  cerebelli 
height  (cm.)  =  2.45) »]» 

These  indicate  that  the  cerebellum  volume  is  growing  at  relatively 
the  same  rate  as  are  its  vertical  and  horizontal  diameters.  The 
growth  of  the  cerebellmn  must  be  controlled,  therefore,  by  factors 
which  act  alike  upon  the  entire  cerebellum. 

The  formulae  of  the  fronto-occipital  length  and  the  temporal 
diameter  when  cubed  bear  no  relation  to  the  cerebrum  volume 
which  may  be  expressed  by  a  simple  constant,  and  the  same 
holds  true  of  the  spinal  cord  length  when  cubed.  It  is  obvious, 
therefore,  that  in  all  other  brain  parts  except  the  cerebellmn 
there  must  be  more  than  one  factor  influencing  growth  which  act 
differently  on  the  volumetric  and  linear  growth. 

The  per  cent  of  the  brain  parts  and  the  spinal  cord  of  the  encepha- 
lon.  The  per  cent  which  the  various  brain  parts  and  the  spinal 
cord  form  of  the  encephalon  at  each  fetal  month  can  be  observed 
by  a  glance  at  table  40  and  at  figures  7,  11,  15,  18,  22,  and  38. 
Table  40  tabulates  the  per  cent  which  a  respective  volume  of  a 
brain  part  or  of  the  spinal  cord  forms  of  the  encephalon.  Figures 
7, 11, 15, 18,  and  22  demonstrate  graphically  the  per  cent  which  the 
pons  and  medulla,  midbrain,  and  the  spinal  cord,  respectively, 
form  of  the  encephalon  volume.  Figure  38  represents  a  series  of 
composite  midsagittal  sections  which  are  based  upon  average 
measurements  and  which  represent  therefore  a  typical  fetal  brain 
for  the  5-cm.  C.  H.  interval  indicated.  For  purpose  of  compari- 
son, a  magnification  of  each  indi\ddual  figure  was  used.  To 
obtaiij  this  magnification,  the  ratio  of  the  respective  fronto- 
occipital  diameters  to  the  fronto-occlpital  diameter  of  the  new- 
bom  was  used.  The  detailed  results  of  both  figures  and  the  table 
have  been  presented  in  the  body  of  this  paper.  Taken  in  toto, 
the  evidence  shows  conclusively:  first,  the  high  percentages  which 
the  pons  and  medulla,  midbrain,  and  the  spinal  cord  volumes 
form  of  the  encephalon  volume  from  the  second  to  the  fifth  fetal 
month;  second,  the  increased  percentages  which  the  cerebellmn 
volmne  forms  of  the  encephalon  volume  in  the  last  three  fetal 
months,  and,  third,  the  predominating  percentages  which  the 
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volume  of  the  cerebral  hemispheres  form  of  the  encephalon 
volume  at  all  times,  rising  to  its  maximum  per  cent  (94.2  per 
cent)  in  the  sixth  fetal  month. 

SUMMARY 

I.  The  growth  of  the  central  nervous  system  in  the  fetal  period 
is  similar  in  general  character  to  the  growth  of  the  other  viscera 
and  of  the  major  parts  of  the  body  in  this  period. 

II.  An  analysis  of  data  on  the  voliune  and  dimensions  of  the 
central  nervous  system  in  the  fetal  period  shows  four  distinct 
subtypes  or  varieties  of  growth.    These  are: 

1.  The  cerebral  subtjT)e,  which  is  characterized  by,  a)  a  steady 
and  relatively  slow  increase  in  volimie  from  the  second  to  the 
beginning  of  the  sixth  fetal  month  and  a  constant  and  more  rapid 
increase  from  this  time  to  birth,  and,  h)  by  a  steady  and  constant 
growth  in  linear  dimensions  from  the  second  fetal  month  to 
birth. 

2.  The  brain  stem  and  cord  subtjrpe,  which  shows  a  much  more 
rapid  growth  from  the  second  to  the  end  of  the  fifth  fetal  month 
than  it  does  in  the  last  five  months  of  fetal  life. 

3.  The  cerebellum  subtjrpe,  which  proceeds  very  slowly  from 
the  second  to  the  end  of  the.  fifth  fetal  month  and  then  increases 
tremendously  from  the  sixth  month  to  birth. 

4.  The  compound  subtype,  which  represents  the  combined 
effect  of  two  or  three  or  all  of  the  above  varieties,  predominated 
by  the  cerebral  subtype. 

III.  The  factors  which  control  the  various  subtypes  of  growth 
in  the  central  nervous  system  may  influence  the  voliunetric  and 
linear  determinations  of  a  respective  brain  part  in  two  ways: 
1)  the  factors  may  act  differently  upon  the  volumetric  and  linear 
values  as  they  do  in  the  case  of  the  cerebral  growth,  brain  stem, 
and  cord  growth,  and  in  compound  growth,  or,  2)  they  may 
act  in  the  same  manner  as  they  do  in  the  case  of  the  cerebellum 
subtype  of  growth. 

IV.  An  estimation  of  the  percentages  which  the  cerebrmn, 
cerebellum,  and  the  brain  stem  form  of  the  encephalon  at  the 
various  periods  of  fetal  life  offers  a  means  of  comparison  of  the 
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relative  growth  of  these  parts.  The  percentages  which  the  brain 
stem  and  the  spinal  cord  form  of  the  encephalon  are  relatively 
high  from  the  second  to  the  fifth  fetal  month;  the  per  cent  which 
the  cerebelliun  form  of  the  encephalon  is  at  its  height  in  the  last 
three  fetal  months,  while  the  per  cent  which  the  hemispheres  form 
of  the  encephalon  reaches  its  maximimi  in  the  sixth  fetal  month. 
V.  The  four  subtypes  of  growth  of  the  central  nervous  system 
may  be  clearly  expressed  by  a  classification  of  the  empirical  for- 
mulae of  the  growth  curves  of  the  various  parts  as  follows: 

1.  Cerebral  growth: 

a.  General  linear  formula:  Y  =  aX  ±  b. 

b.  Specific  linear  formulae: 

a\  Fronto-occipital  diameter:  Y  =  0.175  X  +  0.25. 
6'.  Temporal  diameter:  Y  =  0.138  X  +  0.3. 

c.  General  volumetric  formula:  Y  =  (aX)^. 

d.  Specific  volumetric  formulae: 

a\  Right  hemisphere  volume:  Y  =  (0.1  Xy-^K 
b'.  Left  hemisphere  volume:  Y  =  (0.105  X)*^^ 
c'.  Both  hemisphere  volume:   Y  =  (0.12  X)'-^». 

2.  Brain  stem  and  cord  growth: 

a.  General  Unear  formula:  Y  =  {ciX)^  —  c. 

b.  Specific  linear  formulae: 

a\  Fronto-spinal  length:  Y  =  (2.0  X)-*^  -  2.2. 
b'.  Spmal  cord  length:  Y  =  (10.0  X)-*"  -  4.0. 
c'.  Brain  cord  length:  Y  =  (10.0  X)"*  -  4.0. 

c.  General  volumetric  formula:  Y  =  0.01  [(aX)^  +  c]. 

d.  Specific  volumetric  formulae: 

a\  Spmal   cord  volume:  Y    =    0.01    [(0.17   X)*" 

+  11.0]. 
&'.  Pons  and  meduUa  volume:  Y  =  0.01  [(0.2  X)^" 

+  20.0]. 
c\  Midbrain  volume:  7  =  0.01  [(0.168  X)2w  +  i2.0]. 

3.  Cerebellum  growth: 

a.  General  linear  formula:  Y  =  0.01  [X«  +  6]. 
6.  Specific  Unear  formulae: 

a\  Vermis  cerebelli  length:  Y'=  0.01  [X^  «  +  0.15]. 

b\  Vermis  cerebelli  height:  Y  =  0.01  [X^  "]. 
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c.  General  volumetric  formula:  Y  =  0.01  [{aXf  +  c]. 

d.  Specific  volumetric  formula: 

a'.  CerebeUum  volume:    Y    =    0.01    [(0.095  X)*» 
+  20.0]. 
4.  Compound  growth: 

a.  General  volumetric  formula:  Y  =  (aX)*  +  c. 
6.  Specific  volumetric  formulae: 

a'.  Encephalon  volume:  F  =  (0.125  X)»-i«  +  1.5. 
&'.  Brain  and  spinal  cord  voliune: 

Y  =  (0.114  Xy-^  +  2.0. 

c'.  Encephalon  weight  by  literature: 

Y  =  (0.13  X)«i*  +  1.0. 

(In  all  of  the  above  formulae,  Y  is  the  volume  or  length  of  the 
part  imder  consideration  (in  cm.  or  cc),  X  is  the  crown-heel  or 
total  length  of  the  body  in  cm.,  and  a,  6,  and  c  are  empirically 
determined  constants.) 
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THE  INTER-RELATION  OF  THE  THYREOID  AND  HYPO- 
PHYSIS IN  THE  GROWTH  AND  DEVELOPMENT 
OF  FROG  LARVAE 

E.  R.  Hoskins*  and  M.  M.  Hoskins 

(Institute  of  Anatomy,  University  of  Minnesota.) 
In  attempts  at  establishing  the  function  of  the  ductless 
glands,  investigators  are  limited  to  relatively  a  few  kinds  of 
experiments.  One  can  administer  a  particular  gland  to  an  ani- 
mal or  transplant  the  gland  into  the  animal  in  the  hope  of 
bringing  about  a  condition  wherein  the  subject  receives  more 
than  the  normal  amount  of  the  hormone  being  studied.  One 
can  extirpate  a  gland  from  an  animal  and  then  administer  to 
it  preparations  of  the  type  of  gland  removed,  and  one  can 
remove  a  gland  of  one  type  and  administer  prepared  glands  of 
another  type.  Still  further,  various  combinations  and  modifica- 
tions of  the  above  kinds  of  experiments  can  be  attempted.  The 
unsatisfactory  elements  in  ductless  gland  investigations  are 
difficulties  of  controlling  the  experiments  and  the  greater  difii- 
cnlties  of  interpretation  of  the  results. 

In  administering  ductless  glands  one  must  admit  that  the 
preparations  are  abnormal  to  begin  with.  The  glands  used  are 
dead  and  only  hormones  that  are  relatively  stable  can  be  pre- 
served.    Even  here  we  have  no  absolutely  certain  method  of 


*The  senior  author  succumbed  to  broncho-pneumonia  on  Jan.  30, 
1920. 
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checking  our  findings  and  must  usually  reason  by  inference  and 
deduction  in  the  interpretation  of  results.  Further,  as  has  pre- 
viously been  pointed  out,  experiments  with  prepared  glandular 
substances  are  more  often  pharmacological  than  physiological, 
especially  when  extracts  obtained  by  any  agent  other  than 
physiological  salt  solution  are  used.  The  body  itself  can  hardly 
be  expected  to  prepare  from  its  own  glands  extracts  requiring 
strong  sulphuric  acid,  ether,  acetone,  alcohol  and  so  forth.  It  is 
one  thing  to  bring  about  certain  reactions  by  the  use  of  such 
preparations  and  quite  another  to  prove  that  similar  reactions 
are  normally  brought  about  by  the  living  gland  within  the  ani- 
mal's body.  However,  we  are  on  reasonably  safe  ground  when 
we  can,  by  administering  preparations  of  a  particular  gland, 
prevent  the  occurrence  of  symptoms  that  would  otherwise  result 
from  extirpation  of  the  gland  in  question. 

Transplanting  a  ductless  gland  into  an  otherwise  normal 
animal  would  seem  at  first  sight  to  be  a  method  whereby  hyper- 
secretion could  be  brought  about  and  the  animal  thus  provided 
with  more  than  the  normal  amount  of  hormones  from  the  gland 
in  question,  but  a  usually  ignored  fact  is  that  the  host  exerts  a 
controlling  influence  upon  the  transplant,  as  well  as  the  trans- 
plant upon  the  host,  so  that  an  equilibrium  often  results.  We 
have  transplanted  thyreoids  into  embryos  for  example  (Hoskins 
and  Hoskins  19a)  and  observed  later  that  they  **took,"  so  that 
the  animals  possessed  an  anatomical  excess  of  thyreoid  tissue, 
but  were  apparently  able  to  regulate  the  amount  of  thyreoid 
hormones  secreted  by  their  own  and  the  transplanted  glands, 
because  no  symptoms  of  **hyperthyreoidism''  resulted. 

After  a  ductless  gland  has  been  extirpated  there  is  often  a 
considerable  readjustment  among  the  other  structures  of  the 
body,  so  that  of  the  resulting  symptoms,  some  are  due  directly 
to  the  loss  of  the  gland  removed  while  others  are  caused  only 
indirectly  by  the  removal,  and  it  is  usually  not  possible  to  dis- 
tinguish between  these  categories.  Metabolic  processes  are  so 
complex  that  phenomena  occurring  together  may  be  merely  con- 
comitantly and  not  causally  related.  As  an  example  of  this 
complexity  we  may  consider  the  results  of  thyreoidectomy  where- 
in there  occurs  a  physiological  (perhaps  pathological)  hyper- 
plasia of  the  hypophysis,  so  that  the  resulting  symptoms  are 
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brought  about  presumably  both  by  the  thyreoid  deficiency  and  by 
hyper-activity  of  the  pituitary,  and  it  is  very  diflScult  to  tell  from 
such  an  experiment  the  normal  function  of  the  thyreoid.  At  best 
in  such  cases  we  can  only  say  that  there  is  some  relation  between 
certain  processes  and  the  gland  in  question. 

METHODS  AND  MATERIAL 

In  the  following  experiments  with  hypophysis  feeding  we 
have  administered  a  commercial  preparation  of  the  anterior  lobe 
of  beef  pituitary  (Armour  &  Co.)  to  otherwise  normal  larvae 
of  Rana  sylvatica,  and  to  larvae  of  the  same  species  from  which 
the  thyreoid  had  been  removed  in  the  embryonic  stage  before  it 
could  have  begun  to  function.  This  preparation  consists  of  dry 
substance  of  the  anterior  lobes  of  the  hypophysis,  put  up  in 
tablets  of  milk  sugar.  The  tablets  are  composed  of  two  grains  of 
bovine  anterior  lobe  pituitary  substance  dried  in  a  vacuum  (rep- 
resenting 10  grains  fresh  gland)  mixed  with  three  grains  of 
milk  sugar.  A.  C.  Henderson  of  the  Armour  and  Company  lab- 
oratory states  in  a  personal  communication  of  June  4, 1919,  **Our 
anterior  pituitary  substance  is  made  from  carefully  selected 
material  and  is,  we  might  say,  entirely  without  iodin;  at  least 
there  is  not  any  more  than  would  be  found  in  muscle  substance, 
which  means  practically  none  at  all.  It  is  absolutely  free  from 
thyreoid  tissue. " 

Dr.  E.  C.  Kendall  of  the  Mayo  Foundation,  who  kindly 
analysed  this  material  for  us,  reported  that  each  tablet  of  two 
grains  of  dried  anterior  pituitary  substance  contains  .0035  mg. 
of  iodine,  either  organic  or  inorganic,  a  content  of  one  part  in 
40,000  which  would  be  1 :200,000  in  the  fresh  gland.  Dr.  Ken- 
dall is  of  the  opinion  that  the  iodine  present  is  soluble,  and  if 
80,  considering  the  amount  of  water  in  the  larger  aquaria,  the 
dilution  of  the  iodine  was  1 :570,000,000,  a  concentration  much 
less  than  is  necessary  to  stimulate  metabolism  in  tadpoles 
(Swingle  '19)  if  inorganic  iodine  is  used. 

Even  if  the  iodine  did  not  go  into  solution,  only  a  very 
small  fraction  of  .0035  mg.  of  it  was  ingested  by  each  larva  in 
one  dose,  yet  in  most  cases  an  effect  was  noticeable  within  twen- 
ty-four hours  after  the  first  dose  was  administered. 

The  active  principle  of  the  hypophysis,  whether  it  contains 
iodine  or  not,  apparently  is  soluble,  as  shown  by  the  fact  that 
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the  thyreoidless  larvae  continued  to  develop  after  their  jaws 
began  to  metamorphose,  and  they  were  thus  compelled  to  stop 
eating  the  tablets. 

In  several  diflferent  experiments,  most  of  which  we  have 
not  yet  described,  it  was  found  that  eggs  collected  early  in  the 
season  developed  into  larger  animals  than  those  taken  later, 
or  taken  early  and  kept  for  a  time  in  cold  storage  before  being 
used. 

In  each  experiment  the  controls  and  the  experimental 
larvae  were  of  the  same  age  and  size  and  were  taken  from  the 
same  mass  of  eggs. 

In  addition  to  the  hypophysis  tablets  the  experimental 
larvae  received  Spirogyra  in  abundance,  and  the  controls  re- 
ceived milk  sugar  and  Spirogyra.  The  water  in  the  aquaria  was 
changed  the  day  after  each  administration  of  the  tablets  or 
sugar. 

The  larvae  were  under  daily  observation  and  were  measured 
from  time  to  time  as  indicated. 

Before  being  autopsied,  the  animals  were  fixed  in  Bouin's 
fluid. 

The  experiments  were  performed  in  the  Anatomy  depart- 
ment of  the  University  of  Pittsburgh. 

7.    Effects  of  administering  a  preparation  of  the  anterior 
lobe  of  the  pituitary  to  normal  larvae. 
Experiment  1.    April  27,  1919. 

Fifteen  animals  were  selected  for  hypophysis  feeding  and 
15  of  the  same  size  kept  for  controls.  Each  set  was  kept  in  one 
aquarium  in  which  they  had  an  abundant  supply  of  normal  food. 
In  addition  to  this  food,  one  pituitary  tablet  was  given  daily  tn 
the  experimental  group,  while  the  controls  received  milk  sugar. 
The  treatment  was  continued  from  April  27  to  May  13,  1919, 
making  a  total  of  17  tablets  given  in  this  way. 
Experiment  2.     April  28. 

Three  sets  of  13  animals  each  were  chosen  for  this  experi- 
micnt.  Those  of  the  first  group  (A)  were  taken  at  intervals  from 
the  aquarium  in  which  they  were  receiving  their  normal  food, 
and  placed  in  a  small  jar  of  water,  containing  one  pituitary 
tablet.  They  were  left  in  this  jar  for  24  hours,  during  which 
time  they  ate  a  portion  of  the  tablet.     Five  treatments  were 
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given  on  the  following  dates :    April  28-29,  May  5-6,  May  13-14, 
May  15-16,  May  22-23. 

The  second  group  of  tadpoles  in  this  experiment  (2B)  was 
used  at  first  as  a  control  for  group  2A,  to  make  sure  that  the 
effects  observed  in  the  latter  were  not  due  to  the  fact  that  the 
animals  were  temporarily  deprived  of  their  ordinary  food. 
When  group  2A  was  placed  in  the  aquarium  containing  the 
pituitary  tablet,  group  B  was  also  taken  from  its  aquarium  and 
put  in  a  small  jar  containing  water  and  a  few  cracker  crumbs. 
The  animals  were  left  there  as  long  as  those  of  group  A  were 
feeding  on  the  pituitary  substance,  and  then  returned  to  the 
aqnarium,  where  they  received  normal  food.  As  no  effect  re- 
sulted from  these  periods  of  light  feeding,  the  control  was  dis- 
continued and  the  animals  used  in  another  way.  They  were 
left  in  a  small  jar  containing  water  and  a  pituitary  tablet  for 
periods  of  one  hour  each.  Nine  such  doses  were  given  between 
May  second  and  sixteenth. 

The  third  group  of  tadpoles  (C)  for  this  experiment  was 
composed  of  normal  animals  kept  on  an  ordinary  diet  of  leaves 
and  algae. 

It  will  be  seen  that  in  these  experiments  care  has  been  taken 
to  avoid  starving  the  animals.  In  number  1,  an  abundant  sup- 
ply of  normal  food  was  always  present  with  the  hypophysis 
substance,  and  the  animals  ate  freely  of  it  as  well  as  of  the  tab- 
lets. In  2A  the  effect  of  24  hours  at  a  time  on  light  diet  was 
checked  by  a  control,  as  above  described ;  and  in  2B  the  periods 
of  removal  from  the  normal  food  were  too  short  to  have  any 
effect  in  themselves.  The  effect  that  the  sugar  content  of  the 
tablets  might  have  had  was  checked  by  the  giving  of  milk  sugar 
to  the  control'  larvae. 

RESULTS  OF  EXPERIMENTS 
Experiment  1. 

At  the  beginning  of  this  experiment  the  animals  measured 
as  follows: 

15  for  hypophysis  feeding : 

Body  length,  9-10  mm.,  average  9.4  mm. 
Total  length  20-23  mm.,  average  21.1  mm. 


Digitized  by  VjOOQ IC 


6  THYROID  AND  HYPOPHYSIS  IN  GROWTH 

15  for  controls : 

Body  length,  9-10  mm.,  average  9.4  mm. 
Total  length,  20-22.5  mm.,  average  20.7  mm. 

The  first  noticeable  effect  of  the  hypophysis  feeding  was 
a  marked  wasting  of  the  bodies  of  the  animals,  which  gave  them 
the  appearance  of  starved  tadpoles.  As  has  been  said,  the  pos- 
sibility of  starvation  has  been  carefully  excluded  from  this  ex- 
periment, and  this  emaciation  differs  from  that  produced  by 
starvation  in  the  time  of  its  appearance.  A  normal  tadpole  kept 
without  food  does  not  show  noticeable  changes  in  form  for  four 
or  five  days,  and  is  not  strikingly  wasted  until  several  days 
later.  The  emaciation  following  hypophysis  feeding  is  seen 
within  48  hours  after  the  experiment  is  begun.  Within  a  few 
days,  however,  the  animals  seem  to  recover  from  the  first  effect 
of  the  dose,  and  their  bodies  fill  out  again  to  the  normal  form. 
While  the  wasted  appearance  of  the  body  lasts,  the  animals  are 
sluggish  in  their  behavior.  Later,  however,  they  become  more 
lively  than  the  normal  tadpoles,  and  show  a  high  degree  of  ir- 
ritability, so  that  the  slightest  jarring  of  the  aquarium  starts 
them  all  to  swimming  about  very  actively. 

By  May  3,  1919,  one  week  after  the  beginning  of  the  ex- 
periment, the  measurements  taken  showed  that  the  hypophysis- 
fed  animals  were  growing  faster  than  the  controls.  These 
measurements  are : 

Hypophysis-fed— B.  10-12  mm.,  aver.  10.5;  total  25-29  mm,, 
aver.  26.7  mm. 

Controls— B.  9-10  mm.,  aver.  9.8;  total  20.5-23  mm.,  aver. 
21.9  mm. 

The  greater  length  of  the  tails  of  the  hypophysis-fed  ani- 
mals is  particularly  noticeable.  In  them  the  tail  made  up  61 
per  cent  of  the  total  length,  while  in  the  normal  tadpoles  it  was 
only  55  per  cent  of  the  whole. 

On  May  8th  the  measurements  showed  still  greater  differ- 
ence between  the  two  groups  of  animals,  as  follows : 

Hypophysis-fed— B.  10-12.5  mm.,  aver.  11  mm.  Total  28-36 
mm.,  aver.  31.5  mm. 

Controls— B.  9-11  mm.,  aver.  10  mm.  Total  20.5-25  mm,, 
aver.  22.5  mm. 

In  addition  to  the  size  difference,  which  is  largely  due  to 
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the  unusual  length  of  tail,  marked  changes  in  appearance 
may  be  seen  in  the  hypophysis-fed  animals.  Figure  1,  drawn 
four  days  later,  represents  a  tadpole  of  the  average  size  on  May 
8th  (Body  11  mm.  Total  32  mm.)  and  a  normal  but  older  tad- 
pole of  the  same  total  length  is  shown  in  figure  2.  The  hypo- 
physis-fed specimen  shows  a  decided  approach  to  the  adult  form. 
The  body  has  become  thinner  both  laterally  and  dorso-ventrally, 
showing  that  the  intestine  has  been  reduced  in  length.  The 
anal  canal  has  also  shortened,  the  legs  are  well  developed,  and  the 
pigmentation  is  like  that  of  a  frog.  All  these  changes  show 
that  the  animal  has  passed  its  maximum  size  and  begun  meta- 
morphosis. The  normal  animal  of  the  same  length  shows  none 
of  these  signs  of  approaching  metamorphosis.  Its  intestine  and 
anal  canal  have  not  begun  to  shorten,  its  hind  legs  are  repre- 
sented by  buds  of  tissue,  and  it  retains  the  larval  pigmentation. 
Figures  1  and  2  also  illustrate  the  abnormal  relation  of  tail 
and  body  in  the  hypophysis-fed  specimen. 

On  May  13th  all  the  hypophysis-fed  tadpoles  in  this  experi- 
ment were  undergoing  metamorphosis.  The  measurements 
showed  a  decrease  in  length,  the  approach  to  the  adult  form  was 
noticeable  in  all  the  animals,  and  one  tadpole  had  three  legs. 
Five  tadpoles,  all  of  which  had  passed  their  maximum  size,  were 
found  dead  on  this  day,  and  the  hypoyhysis  feeding  was  discon- 
tinued. 

No  fully  developed  frogs  were  obtained  from  this  experi- 
ment, though  several  members  of  the.  group  reached  a  condition 
just  short  of  the  frog  stage.  Their  bodies  were  frog-like,  but  a 
stump  of  tail  of  a  few  millimeters  remained.  The  animals 
seemed  to  have  been  somewhat  weakened  by  the  treatment,  so 
that  they  could  not  survive  metamorphosis.  Those  that  reached 
the  stage  at  which  they  were  able  to  leave  the  water  had  under- 
gone a  great  shrinkage,  but  died  before  their  tails  had  entirely 
disappeared.  There  is,  of  course,  a  reduction  of  the  size  of  a 
normal  animal  in  passing  from  the  larval  to  the  adult  stage,  but 
it  is  not  quite  so  great  as  that  seen  in  hypophysis-fed  tadpoles. 
One  member  of  this  group  died  on  May  14,  and  five  more  on 
May  20.  All  of  these  had  four  legs,  and  the  tails  had  begun 
to  shrink.  On  May  25  an  animal  which  was  already  leaving  the 
water  died,  and  on  May  30  the  last  two  were  killed.    One  of 
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these,  also,  had  practically  completed  metamorphosis,  and  was 
leaving  the  water.  The  other  still  had  a  considerable  stump  of 
tail. 

During  this  time  (May  13-30)  the  control  animals  had 
developed  much  more  slowly  and  did  not  reach  their  ma.ximum 
length  (B.  15,  total  40  mm.)  until  early  in  June.  The  repre- 
•sentative  normal  tadpole  preserved  on  May  20  still  retains  the 
larval  form  of  body  and  the  hind  limbs  are  but  slightly  devel- 
oped, the  digits  of  the  foot  being  barely  distinguishable.  No 
completely  metamorphosed  frogs  were  found  until  June  9th,  ten 
days  later  than  the  day  on  which  the  last  of  the  hypophysis-fed 
animals  left  the  water.  On  June  17th,  when  the  experiments 
were  ended,  one  of  the  normal  animals  was  practically  in  the 
frog  condition,  but  others  were  no  farther  advanced  than  the 
hypophysis-fed  animals  had  been  on  May  13. 

The  precocious  metamorphosis  of  hypophysis-fed  tadpoles 
naturally  gives  rise  to  abnormally  small  frogs.  The  first  of  this 
group  to  reach  the  adult  condition  is  shown  in  figure  3,  and  the 
first  control  frog  in  figure  4  (Plate  II).  The  hypophysis-fed 
animal  is  normal  in  appearance  except  for  its  size.  Its  length 
(fixed)  was  only  8.4  mm.,  while  that  of  the  normal  frog  (some- 
what below  the  normal  average)  was  10.4  mm.  (fixed).  The 
minimum  length  of  the  other  hypophysis-fed  frogs  from  this 
group  was  8  mm. 

Oroup  2A 

It  was  in  this  group  that  the  effects  of  hypophysis  feeding 
were  most  marked.  The  animals  were  fed  for  24  hours  at  a  time 
on  an  exclusive  diet  of  the  pituitary  tablets.  The  toxic  effect 
of  the  first  dose  was  very  noticeable.  The  animals  became  much 
emaciated,  and  floated  at  the  surface  of  the  water,  often  on  their 
backs.  They  remained  in  this  condition  for  several  days,  and 
although  they  ultimately  regained  their  normal  shape,  their 
growth  appeared  to  have  received  a  check  from  which  it  did  not 
entirely  recover.  There  was  no  period  when  the  animals  of  this 
group  were  larger  than  the  controls.  The  disproportionate 
growth  of  the  tails  which  was  seen  in  experiment  1  was  less 
marked  in  this  group.  In  the  interval  between  the  first  two 
doses  (April  29-May  5)  the  average  length  of  these  tadpoles  in- 
creased as  follows :  Body  from  8.4  mm.  to  8.8  mm. ;  total  from 
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18.8  mm.  to  21.5  mm.  The  control  tadpoles,  in  the  meantime, 
had  grown  from  8.5-18.9  to  10.5-22.4  (body  and  total  length  in 
lam.).  The  second  dose,  given  May  5-6,  had  no  toxic  effect  on 
the  animals.  Between  May  6  and  May  15,  there  was  an  increase 
of  1.2  mm.  in  their  bodies  and  .9  mm.  in  their  tails.  On  May  16 
the  effect  of  the  feeding  on  the  form  and  development  of  their 
bodies  was  clearly  apparent.  Figure  5  (Plate  III)  drawn  at 
this  date,  is  to  be  compared  with  figure  6,  its  control.  The  most 
noticeable  abnormalities  appear  in  the  lateral  view  of  the  hypo- 
physis-fed tadpole,  from  which  may  be  seen  that  the  intestines 
are  already  reduced,  giving  the  animal  a  much  smaller  abdomen 
than  is  seen  in  the  normal  specimen.  This  shortening  of  the 
intestine  is  one  of  the  later  metamorphic  changes  in  a  normal 
animal,  but  occurs  in  hypophysis-fed  tadpoles  at  a  relatively 
early  date,  before  the  legs  have  developed  to  any  very  great 
extent.  The  legs  of  the  animal  shown  in  figure  5  do  not  cor- 
respond in  their  development  to  the  condition  of  the  intestine, 
but  are  much  more  advanced  than  the  legs  of  the  control  (fig.  6), 
although  the  latter  is  considerably  the  larger  of  the  two. 

Between  the  dose  of  May  16  and  that  of  May  22  the  tad- 
poles increased  very  little  in  size.  The  average  length  on  May 
16  was:  Body,  10  mm.;  total,  23.6  mm.;  and  on  May  22nd, 
Body,  10.5  mm.;  total,  26.1  mm.  This  was  their  maximum 
length,  and  by  May  26  the  anal  canal  had  shortened  and  meta- 
morphosis had  begun.  Figure  7  shows  the  smallest  animal  of 
this  stage  of  development  which  we  obtained  from  any  of  these 
experiments.  Although  the  body  of  this  animal  was  only  8  mm. 
long,  the  reduced  abdomen  and  anal  canal,  the  well  developed 
legs,  and  the  pigmentation  shows  that  it  has  already  begun  its 
metamorphosis. 

As  might  be  expected  from  the  small  size  of  the  tadpoles  of 
this  group,  the  frogs  developing  from  them  were  below  the  nor- 
mal size.  As  in  experiment  1,  few  survived  metamorphosis. 
Those  that  did  so  range  in  size  (fixed)  from  7  to  10.5  mm.,  with 
an  average  length  of  8.8  mm.  They  had  an  average  volume  of 
0.15  ce.  while  the  volume  of  the  normal  frogs  was  from  0.20  to 
0.30  cc. 
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Group  2B 

The  animals  in  this  experiment  received  less  of  the  pituitary 
substance  than  those  in  either  of  the  experiments  just  described, 
and  the  effect  of  the  treatment  was  correspondingly  smaller. 
There  was  no  emaciation  following  the  early  doses,  and  the  first 
result  to  be  seen  was  a  stimulation  of  the  growth  of  the  tail  and 
hind  legs,  and  the  reduction  of  the  abdomen,  due  to  shortening  of 
the  intestine.  By  May  15,  two  weeks  after  the  beginning  of  the 
experiment,  the  hypophysis-fed  animals  have,  on  the  average, 
considerably  longer  tails  than  the  controls,  while  the  bodies  re- 
main practically  the  same  in  the  two  groups.  The  measurements 
taken  on  this  date  were:  Hypophysis-fed:  Body  11  mm.,  total 
30.4  mm. ;  controls :  body  10.9  mm.,  total  23.7  mm.  Individuals 
may  be  found,  however,  among  the  hypophysis-fed  animals, 
which  show  normal  proportions  as  far  as  length  is  concerned. 
One  of  these  is  shown  in  figure  8,  and  is  to  be  compared  with 
figure  6,  which  represents  a  normal  tadpole  of  the  same  length. 
The  two  show  a  striking  contrast  in  outline,  and  in  the  develop- 
ment of  their  legs.  Figure  8  is  typical  of  the  hypophysis-fed 
tadpoles  at  the  time  when  the  effects  of  the  treatment,  are  first 
noticeable.  Comparison  of  this  figure  with  figure  1  shows  that 
although  the  animals  of  experiment  2B  were  stimulated  by  the 
hypophysis  feeding,  the  changes  indicative  of  metamorphosis 
took  place  more  slowly  than  in  the  earlier  experiments.  Al- 
though most  of  the  animals  completed  their  metamorphosis  early, 
a  few  showed  very  little  effect  from  the  feeding.  An  example  is 
shown  in  figure  9,  and  its  control  in  figure  10.  The  hypophysis- 
fed  tadpole  has  a  slightly  longer  tail  than  the  normal  one,  and 
its  legs  are  longer,  but  there  is  no  external  evidence  of  changes 
in  the  intestine.  The  two  drawings  were  made  on  June  3,  when 
many  of  the  hypophysis-fed  tadpoles  of  this  group  had  com- 
pleted their  metamorphosis. 

The  frogs  that  developed  from  this  group  ranged  in  length 
from  9  to  11  mm.,  with  an  average  length  of  9.9  mm.,  as  com- 
pared with  the  control  frogs,  which  varied  in  length  from  11  to 
14  mm. 

DisciLSsion  of  Part  I. 

The  effects  of  hypophysis  feeding  on  normal  young  tadpoles 
may  be  divided  into  two  groups:  the  toxic  and  the  stimulating, 
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as  has  been  noted  for  thyreoid  feeding.  To  the  former  group 
belongs  the  emaciation  which  immediately  follows  the  first  dose 
of  the  pituitary  substance.  Abderhalden  '13  noted  the  toxic  ef- 
fect of  pituitary  extract.  This  effect  is  temporary,  and  does  not 
recur  after  later  doses.  The  animals  appear  to  acquire  a  toler- 
ance for  the  hypophysis  substance.  This  may  be  the  result  of 
the  repetition  of  doses,  alone ;  or  it  may  be  that  larger  tadpoles 
have  a  greater  resistance  to  the  toxic  effect.  Late  in  the  season 
an  attempt  was  made  to  produce  this  effect  on  a  normal  tad- 
pole, in  order  that  a  figure  of  this  stage  might  be  drawn.  No 
such  result  was  obtained,  however,  and  this  suggests  that  a  tol- 
erance may  develop  normally  in  the  tadpoles  with  increasing 
size.  No  emaciation  was  produced  in  group  2B,  the  members 
of  which  were  larger  at  the  beginning  of  the  experiment  than 
those  of  the  other  group.  In  this  case,  however,  the  dose  was 
small,  and  may  have  failed  to  affect  the  animals  on  that  account. 

2 A.  Although  these  animals  recovered  from  the  toxic  ef- 
fect of  the  first  dose,  their  growth  was  considerably  retarded. 

The  more  interesting  results  of  hypophysis-feeding  are  seen 
in  various  indications  of  stimulation.  The  most  constant  of 
these  is  the  relatively  rapid  growth  of  the  legs  and  tails  of  the 
treated  animals.  This  effect  is  seen  in  animals  which  have  re- 
ceived but  a  small  amount  of  pituitary  substance  and  are  appar- 
ently not  otherwise  affected  by  the  treatment,  as  well  as  in  those 
which  have  had  so  much  hypophysis  that  their  general  growth 
has  been  retarded. 

The  early  shortening  of  the  intestine  occurs  in  almost  all 
the  aninlals,  although  a  few  in  group  2B  were  not  affected  in 
this  way.  This  result  occurs  relatively  much  earlier  in  the  his- 
tory of  the  hypophysis-fed  tadpole  than  in  that  of  the  control; 
and  hence  it  is  more  precocious  than  the  development  of  the 
legs. 

Moderate  doses  of  the  pituitary  substance  cause  a  stimula- 
tion of  the  growth  of  the  body  as  well  as  of  the  legs  and  tail. 

Metamorphosis  as  well  as  growth  is  hastened  by  pituitary 
feeding,  in  proportion  to  the  amount  of  the  substance  admin- 
istered. The  process  takes  place  relatively  early  in  hypophysis- 
fed  larvae,  so  that  abnormally  small  frogs  develop,  and  such 
larvae  never  become  as  large  as  the  size  attained  later  by  the 
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controls.  The  maximum  length  reached  by  any  of  our  hypo- 
physis-fed larvae  was  36  mm.  as  compared  with  40  mm.  for  the 
maximum  of  the  controls.  After  metamorphosis  the  hypophysis- 
fed  animals  were  from  one-half  to  two-thirds  as  large  as  the 
control  frogs,  and  were  about  three-fourths  as  long,  as  is  de- 
scribed above. 

While  we  do  not  believe  that  the  iodine  content  in  our 
preparation  of  pituitary  was  suflScient  in  itself  to  bring  about 
the  results  obtained,  such  may  be  the  case.  But  whether  it  is 
or  not,  the  substance  used  was  normal  pituitary,  and  the  results 
indicate  a  similarity  of  its  action  to  that  of  thyreoid. 

The  normal  presence  of  iodine  in  the  hypophysis  of  mam- 
mals has  been  claimed  by  some  previous  investigators  and  de- 
nied by  others.  Thus  Bauman  '96  found  no  iodine  in  the  hu- 
man hypophysis,  but  Schnitzler  '96  found  a  trace  of  it.  Wells 
'97  reported  finding  0.05  mg.  of  iodine  in  1.22  grams  of  dried 
human  hypophysis.  Simpson  and  Hunter  '09  could  not  find 
iodine  in  Armour  and  Company's  ox  pituitary  preparation  nor 
in  the  fresh  pituitary  of  sheep  following  thyreoidectomy,  but  de- 
tected a  trace  in  fresh  normal  sheep  pituitary.  They  state  that 
their  method  would  detect  iodine  in  the  amount  of  0.005  mg.  in 
1.2  grams  of  dried  substance.  Denis  '11  could  not  find  iodine 
in  the  human  pituitary  either  before  or  after  the  administration 
of  iodides.  MacArthur  '19  likewise  did  not  find  iodine  in  beef 
pituitary.  Thus  it  appears  that  while  iodine  is  present  nor- 
mally in  the  hypophysis  of  mammals,  it  may  be  at  times  either 
absent  or  in  concentration  too  small  to  be  detected  by  the  tech- 
nique employed. 

Smith  '18  states  that  anterior  hypophysis  substance  and 
boiled  lettuce  fed  to  normal  tadpoles  causes  a  rapid  growth  just 
before  the  larvae  begin  to  metamorphose  and  hastens  this 
process,  as  compared  to  larvae  to  which  liver  and  boiled  lettuce  is 
given.  This  diflference  in  size  is  very  much  less  than  the  vari- 
ation within  the  two  groups  of  larvae  in  Smith's  experiments, 
and  may  not  be  of  any  significance.  The  liver  may  have  had 
some  effect  upon  the  growth  of  the  control  larvae  and  if  so 
they  were  not  normal  and  the  results  obtained  need  confirma- 
tion. In  our  experiments  the  larvae  to  which  anterior  pituitary 
substauce  was  administered  began  their  metamorphosis  before 
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they  had  become  as  large  as  larvae  of  this  species .  normally 
grow,  and  as  a  result,  the  frogs  which  were  formed  are  smaller 
than  normal.  Since  Smith  did  not  mention  any  such  effect  on 
the  size  of  his  frogs,  and  since  he  did  not  notice  any  effects  in 
the  early  part  of  his  experiments,  it  is  evident  that  the  prepara- 
tion of  hypophysis  used  in  his  experiments  was  different  in  its 
action  from  our  preparation. 

//.  Effects  of  dchninisiering  a  preparation  of  the  anterior 
lobe  of  hypophysis  to  thyreoidless  larvae. 

For  this  experiment  twelve  thyreoidless  larvae  were  selected 
as  shown  in  the  accompanying  table.  They  varied  in  length 
from  42  to  53  mm.  and  in  volume  from  0.90  to  1.45  cc.  Each 
was  placed  in  a  separate  aquarium  and  treated  as  described 
under  ''Material  and  Methods."  They  were  all  kept  under  ob- 
servation from  9  to  31  days,  receiving  from  9  to  21  doses  of  the 
hypophysis  substance. 

The  normal  control  larvae,  50  in  number  (see  PI.  IV.)  had 
all  passed  the  period  of  metamorphosis  before  most  of  the  hypo- 
physis feeding  experiments  were  begun.  These  controls  grew 
and  developed  normally  and  do  not  require  description.  They 
varied  in  maximum  size  before  metamorphosis  from  a  total 
length  of  36  mm.  to  41  mm.  and  volume  of  0.50  cc.  to  0.80  cc. 
After  metamorphosis  the  control  frogs  varied  from  13  mm.  to 
14  mm.  in  body  length  and  from  0.30  to  0.45  cc.  in  volume. 
The  hind  legs  were  about  14  mm.  long  before  metamorphosis 
and  15  to  18  mm.  afterwards.  It  is  easy  to  tell  when  metamor- 
phosis proper  is  beginning  by  noting  when  the  anal  canal  begins 
to  slmorten.  Skeletal  changes  have  already  begun  before  this 
time,  but  there  is  no  particular  point  in  the  skeletal  growth  that 
signifies  metamorphic  change,  since  the  growth  of  the  skeleton  is 
at  first  very  gradual.  For  a  recent  discussion  of  these  normal 
changes  see  Hoskins  and  Hoskins  '19b.     . 

Thyreoidless  larvae  differ  from  normal  larvae  in  many  par- 
ticulars as  Allen,  Hoskins  and  others  have  already  described, 
and  only  a  brief  description  will  be  given  here.  (See  PI.  IV  and 
VI.)  These  larvae  that  have  had  their  thyreoid  removed  in  the 
early  embryonic  stage,  grow  in  volume  and  length  more  rapidly 
than  normal,  but  if  kept  in  normal  conditions  and  given  normal 
food,  will  not  metamorphose  at  least  for  two  years,  although 
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the  control  animals  taken  from  the  same  eggs  will  change  into 
frogs  within  four  to  eight  weeks  from  the  time  the  eggs  are  laid. 
These  thyreoidless  larvae  ultimately  become  two  to  four  times 
as  large  as  normal  larvae,  but  their  skeleton  shows  little  tendency 
to  calcify  or  to  ossify.  Their  legs  develop  only  as  rudimentary- 
appendages  a  few  millimeters  in  length. 

It  is  interesting  to  note  that  Hahn  '12  found  four  gigantic 
larvae  occurring  naturally  in  otherwise  normal  cultures  of  Rana 
esculenta,  but  unfortunately  he  did  not  study  their  thyreoids. 
It  is  highly  probable,  however,  from  Hahn's  description  that 
the  thyreoids  of  his  monsters  were  atrophied  because  the 
changes  which  he  does  describe  are  much  like  those  occurring 
in  thyreoidless  larvae.  He  attributed  their  gigantism  to  hyper- 
trophy of  the  pituitary. 

In  thyreoidectomized  larvae,  as  in  other  animals,  there  re- 
sults a  hyperplasia  of  the  pituitary  after  thyreoid  removal,  but 
the  pituitary  is  not  able  to  make  good  the  loss  of  thyreoid  se- 
cretions. 

At  the  beginning  of  the  hypophysis  feeding  the  thyreoid- 
less larvae  resembled  those  previously  described. 
DESCRIPTION  OF  EXPERIMENTS 
A.     (PL  V  and  table.) 

This  larva  was  about  twice  the  size  of  a  normal  larva  when 
the  feeding  began,  its  total  length  being  50  mm.,  nose-anus 
length  20  mm.,  hind  limb  buds  2  mm.  and  volume  1.50  cc.  It 
received  18  daily  doses  of  one-half  tablet  each,  only  a  small 
amount  of  which  it  ate,  as  described  above,  and  was  observed 
for  20  days. 

An  effect  of  the  medication  was  evident  within  24  hours,  at 
the  end  of  which  time  the  tail  had  shortened  10  per  cent  and 
the  volume  had  diminished  12  per  cent.  The  animal  had  be- 
come more  active,  as  was  true  in  all  the  following  experiments 
after  a  single  dose  of  hypophysis.  If  one  approached  or  touched 
the  aquaria,  the  larvae  swam  rapidly  about  and  were  difficult  to 
catch,  whereas  before  the  medication  began  they  were  rather 
unresponsive  to  ordinary  stiumli.  The  same  effect  was  pro- 
duced by  Smith  '16  by  extirpating  the  hypophysis. 

After  two  days  the  tail  of  animal  A  had  decreased  an  addi- 
tional 9  per  cent  in  length,  the  volume  had  decreased  3  per  cent. 
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and  the  hind  limbs  had  lengthened  25  per  cent. 

Between  the  sixth  and  eighth  days  the  anal  canal  disap- 
peared, the  animal's  body  now  being  17  mm.  long. 

Between  the  fourth  and  twelfth  days  the  tail  underwent  a 
secondary  growth  period,  giving  the  animal  a  total  length  of 
48  mm.  The  hind  limbs  had  grown  to  15  mm.,  which  is  the 
average  leg  length  of  young  frogs.  The  volume  had,  during  this 
period,  decreased  to  about  two-thirds  of  the  original.  On  the 
thirteenth  day  the  left  foreleg  broke  through  the  operculum. 
By  this  time  the  shape  of  the  body  and  head  was  definitely  that 
of  a  frog.  The  pigmentation  and  other  skin  changes  also  were 
those  of  normal  metamorphosis.  Two  days  later  the  other  fore- 
leg appeared.  It  came  through  the  toughening  skin  with  con- 
siderable difficulty.  On  the  seventeenth  day  the  total  length 
was  reduced  again  to  44  mm.  The  tail  did  not,  however,  have 
the  appearance  of  a  normal  larval  tail  of  the  same  length,  being 
but  half  as  wide  dorso-ventrally  and  half  as  thick,  showing 
evidence  of  impending  disappearance.  The  body  was  still  17  mm. 
in  length,  but  had  become  very  much  thinner.  The  hind  limbs 
were  20  mm.  long,  were  somewhat  disproportionately  thick,  and 
were  short  also  in  relation  to  the  size  of  the  body.  The  volume 
was  not  measured  at  this  time,  but  it  appeared  to  be  further  de- 
creased. 

On  the  twentieth  day  of  the  experiment  the  animal  was 
found  dead  in  its  aquarium,  too  much  swollen  for  accurate 
measurement.  It  was  much  larger  than  a  normal  young  frog, 
as  was  to  be  expected  from  the  size  of  the  larva  at  the  beginning 
of  the  experiment.  The  animal  had  the  shape  and  pigmentation 
of  a  frog,  but  a  long  narrow  tail  still  persisted. 

Autopsy  showed  the  gastro-intestinal  tract  to  be  almost 
completely  metamorphosed,  the  liver  being  greatly  reduced  in 
size  and  the  gall-bladder  enlarged  as  occurs  normally ;  the  gills 
were  small  and  the  lungs  well  differentiated,  as  were  the  kid- 
neys, gonads  and  brain.  In  general  it  may  be  said  that  meta- 
morphosis was  between  80  and  90  per  cent  completed. 
A.  A.  (PI.  V,  VI,  and  table.) 

At  the  beginning  of  the  experiment  the  total  length  of  this 
larva  was  42  mm.,  the  body  length  19  mm.,  the  hind  limb  buds 
2  mm.,  and  the  volume  was  0.98  cc.    It  was  thus  about  a  third 
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larger  than  the  average  of  the  control  larvae.  It  received  15 
half-tablet  doses  of  the  pituitary  substance  during  the  first  18 
days  of  the  experiment,  and  was  kept  under  observation  for  31 
days.  In  the  first  four  days  the  tail  increased  3  mm.  in  length, 
but  the  volume  decreased  to  0.75  cc,  a  loss  of  about  23  per 
cent,  due  partly  to  expulsion  of  intestinal  contents. 

By  the  sixth  day  the  length  had  not  changed,  but  the  hind 
limbs  had  doubled  in  length  and  the  volume  had  increased  very 
slightly.  By  the  ninth  day  the  anal  canal  had  shortened  3  mm., 
the  hind  legs  had  grown  another  mm.  and  the  volume  had  de- 
creased to  about  66  per  cent  of  the  original. 

On  the  next  day  the  nose-anus  length  had  still  further  de- 
creased to  about  74  per  cent  of  the  original  and  the  hind  legs 
had  increased  to  5.5  mm.  On  the  twelfth  day  the  total  length 
was  41  mm.,  but  the  tail  was  very  narrow  dorso-ventrally,  the 
volume  had  increased  to  0.75  cc,  the  hind  limbs  were  6  mm.  and 
the  pigmentation  was  changing  toward  that  of  a  frog. 

Three  days  later  the  tail  had  increased  1  mm.  and  the  hind 
limbs  3  mm.,  and  the  head  and  body  were  changing  in  shape 
toward  that  of  a  frog.  On  the  nineteenth  day  the  animal  looked 
like  a  frog  except  for  its  long  narrow  tail.  Both  forelegs  had 
appeared.    The  medication  was  stopped  at  this  point. 

Three  days  later  the  tail  had  shortened  by  3  mm.,  the  body 
length  had  increased  1  mm.,  the  hind  limbs  were  16  mm.  in 
length  and  the  volume  had  been  decreased  to  51  per  cent  of  the 
original.  On  the  twenty-seventh  day  the  tail  had  shortened 
again  by  3  mm.,  and  the  hind  limbs  had  increased  in  length 
another  mm.  The  larva  frequently  tried  to  protrude  its  head 
from  the  water,  so  it  was  placed  in  an  aquarium  one  end  of 
which  contained  shallow  water.  From  this  time  to  the  end  of 
the  experiment  the  animal,  unless  disturbed,  remained  in  this 
end  of  the  aquarium  with  its  head  out  of  water.  On  the  thirty- 
first  day  the  animal,  which  had  practically  become  a  frog,  still 
had  a  very  narrow  and  thin  tail  20  mm.  in  length.  Its  volume 
had  decreased  to  36  per  cent  of  the  original,  a  decrease  equal  to 
the  maximum  loss  suffered  by  a  normal  larva  during  metamor- 
phosis. On  this  day  while  being  examined  it  jumped  from  the 
observer's  hand  and  was  killed  by  the  fall. 

Autopsy  showed  a  fully  differentiated  gastro-intestinal  tract, 
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the  liver  being  even  smaller  than  that  of  normal  frogs,  and  the 
gall-bladder  rather  larger  than  normal.  The  gills  had  not  been 
reduced  in  size  as  much  as  occurs  in  normal  metamorphosis, 
although  the  lungs  were  well  developed  and  functional.  The 
kidneys  appeared  normal,  the  ovaries  were  quite  large,  and  the 
brain  was  as  fully  differentiated  as  that  of  a  young  frog.  Meta- 
morphosis seemed  to  be  complete  save  for  the  fact  that  the  tail 
had  not  fully  disappeared  and  the  gills  had  not  been  very  much 
reduced  in  size. 

B.  B.  (PL  V  and  table) 

This  animal  had  received  but  three  doses  of  2  grains  each 
when  it  died  on  the  fourth  day.  The  total  length  had  been  re- 
duced 4  per  cent,  its  body  length  7.5  per  cent  and  its  volume  33 
per  cent.  Since  the  animal  when  measured  on  the  previous  day 
was  almost  as  long  as  when  the  experiment  began,  it  may  have 
shrunken  between  the  time  it  died  and  the  time  it  was  removed 
from  its  aquarium.  A  part  of  the  loss  in  volume  was  due  to 
discharge  of  fecal  mattei:.  At  autopsy  the  viscera  were  still  in 
the  larval  condition. 

B.  (PI.  V  and  table.) 

This  larva  received  eight  daily  doses  of  1  grain  and  on  the 
ninth  day  while  being  anaesthetized  to  be  drawn,  it  died  and 
was  fixed.  An  effect  of  the  pituitary  substance  was  noticeable 
twenty-four  hours  after  the  experiment  began,  when  it  was  seen 
that  the  entire  length  had  changed  from  46  to  47  mm.,  the  body 
length  from  20  to  20.5  mm.,  the  hind  limb  from  1.5  to  2  mm., 
all  signs  of  growth,  but  the  volume  had  decreased  from  1.30  to 
1.15  cc. 

On  the  next  day  the  animal  was  the  same  length,  but  its 
volume  had  decreased  to  1.10  cc.  and  the  hind  limbs  had  in- 
creased to  2.5  mm. 

On  the  fourth  day  the  tail  had  lengthened  another  mm., 
and  the  hind  legs  0.5  mm.,  but  the  anal  canal  had  decreased  1.5 
mm.,  and  the  volume  0.10  cc,  the  latter  being  now  23  per  cent 
less  than  at  the  beginning  of  the  experiment.  By  the  seventh 
day  the  anal  canal  had  disappeared  and  the  body  was  beginning 
to  change  in  shape.  On  the  ninth  day  the  larva  had  decreased 
in  total  length  to  47  mm.,  and  in  nose-anus  length  to  16  mm. 
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The  volume  was  0.85  cc.  or  about  65  per  cent  of  the  original. 
The  hind  limbs  had  grown  to  7  mm.  and  the  fore  limbs  beneath 
the  operculum  were  3.5  mm.  long. 

Autopsy  showed  that  the  gastro-intestinal  tract  was  changed 
about  half  way  to  that  of  the  frog  stage.  The  liver  had  formed 
its  three  lobes,  was  being  freed  from  the  coil  of  gut  which  in  the 
larval  stage  is  embedded  in  it,  and  the  gall-bladder  had  in- 
creased in  size.  The  gills  showed  little  change,  but  the  lungs 
were  larg6  and  air-containing.  The  kidneys  and  ovaries  showed 
no  peculiarities.  The  latter  were  large,  but  as  Allen  and  we 
have  shown,  thyreoidless  larvae  develop  large  gonads.  The 
brain  showed  differentiation  beyond  that  of  the  thyreoidless 
larval  type. 
C.  (PI.  V  and  table.) 

This  animal  reacted  in  about  the  same  way  as  A.  It  re- 
ceived 18  one-half  tablet  daily  doses  of  the  anterior  pituitary 
substance  and  was  found  dead  in  the  aquarium  on  the  twentieth 
day,  from  drowning  or  other  cause.     . 

Within  24  hours  after  the  first  dose  the  larva  began  to  de- 
crease in  volume.  As  in  most  of  the  experiments  the  tail  in- 
creased in  length  at  first,  but  rapidly  decreased  in  size,  and  after 
10  days,  in  length  also.  On  the  tenth  day  the  total  length  was 
still  1  mm.  greater  than  at  first,  but  the  nose-anus  length  had 
lessened  by  24  per  cent  from  shortening  of  the  anal  canal  and 
the  volume  had  decreased  by  44  per  cent.  The  hind  legs  were 
now  8  mm.  long. 

On  the  seventeenth  day  the  total  length  had  decreased  to  40 
ram.  and  the  body  length  to  15  mm.  The  hind  limbs  were  18 
mm.  long  and  the  left  foreleg  had  broken  through  the  skin. 
The  volume  was  not  measured,  but  was  seen  to  be  less  than  be- 
fore. The  shape  of  the  head  and  body  and  the  pigmentation 
were  definitely  those  of  a  frog,  and  the  mouth  and  jaws  also  had 
metamorphosed.  The  skin  had  become  toughened  to  such  extent 
that  the  right  foreleg  could  not  break  through  it,  and  on  the 
next  day  a  small  incision  was  made  in  the  skin  to  release  this 
leg. 

On  the  twentieth  day  the  animal,  a  frog  to  all  intents  and 
purposes  except  for  a  narrow  tail  of  30  mm.,  was  found  dead. 
It  was  somewhat  swollen,  so  the  volume  could  not  be  taken,  but 
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the  animal  had  decreased  in  size  more  than  the  average  normal 
larva  during  metamorphosis. 

Autopsy  showed  that  the  viscera  were  nearly  completely 
metamorphosed,  as*  in  animal  A.  The  kidneys  and  liver  were 
especially  small.  The  ovaries  were  large  and  the  brain  well 
differentiated.  The  other  viscera  also  were  those  of  a  normal 
young  frog. 

D.  (PL  V.  and  table.) 

This  larva  received  13  doses  of  pituitary  substance,  and 
reacted  about  the  same  as  did  larva  C,  but  somewhat  more 
rapidly,  and  in  seven  days  its  metamorphosis  was  further  ad- 
vanced than  that  of  the  other.  Its  volume  by  this  time  had 
been  reduced  by  a  third,  its  nose-anus  length  by  a  fourth,  and 
it«  hind  legs  had  lengthened  to  5  mm. 

By  the  twelfth  day  the  total  length  and  volume  were  rap- 
idly decreasing,  the  hind  legs  were  13  mm.  long  and  one  foreleg 
had  appeared.  As  in  animal  C,  the  other  foreleg  had  to  be  lib- 
erated by  operation  because  the  skin  had  toughened,  and  like 
animal  C,  this  animal  was  found  dead  in  the  aquarium  two  days 
later. 

At  autopsy  its  viscera  were  seen  to  have  metamorphosed  to 
the  same  extent  as  in  animal  C,  except  that  the  gastro-intestinal 
tract  was  not  quite  so  completely  differentiated,  and  the  gills 
were  somewhat  further  reduced  in  size. 

E.  (PI.  V  and  table.) 

This  larva  received  21  one-half  tablet  doses  and  reacted  as 
did  D.  In  nine  days  it  lost  45  per  cent  of  its  volume,  its  tail 
decreased  in  size  and  its  head  and  body  began  to  resemble  those 
of  a  frog.  In  twelve  days  one  foreleg  broke  through  the  skin 
and  a  few  days  later  the  other  appeared.  By  the  seventeenth 
day,  except  for  a  narrow  tail  the  animal  appeared  quite  like 
a  frog.  By  the  twenty-second  day  the  volume  was  down  to  40 
per  cent  of  the  original,  the  hind  limbs  were  12  mm.  long,  the 
tail  was  still  present  but  was  becoming  smaller  and  the  body 
was  fully  reduced  to  the  size,  shape  and  color  of  a  frog.  The 
thin  ventral  and  dorsal  fins  of  the  tail  had  nearly  disappeared, 
giving  this  appendage  a  near-rod  shape. 

Autopsy  showed  a  completely  metamorphosed  gastro-intes- 
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tinal  tract,  including  a  very  small  liver  and  very  large  gall- 
bladder. There  were  small  gills,  large  air-containing  lungs, 
small  kidneys,  large  spleen,  spherical  and  well  differentiated 
testes  and  a  well  differentiated  brain. 

F.  (PL  V,  VI  and  table.) 

This  animal  received  15  half-tablet  daily  doses,  and  it  re- 
acted very  rapidly  to  the  medication.  There  was  at  first  an  in- 
crease of  2  mm.  in  the  length  of  the  tail,  but  a  decrease  in  the 
volume  of  the  body.  In  five  days  the  volume  decreased  from 
0.93  cc.  to  0.80  cc,  the  legs  grew  from  2  to  7  mm.,  and  the  anal 
canal  shortened  2  mm.  The  body  during  this  time  had  become 
slender  from  discharge  of  fecal  contents  and  from  contraction 
and  shortening  of  the  gut.  By  ten  days  these  changes  had  gone 
on  still  further,  and  the  animal  had  the  general  shape  and  color 
of  a  frog. 

By  the  fifteenth  day  one  foreleg  had  appeared,  but  the 
tough  skin  seemed  to  have  prevented  the  appearance  of  the 
other.  Except  for  this,  and  the  presence  of  the  tail,  the  animal 
resembled  a  fully  formed  frog.  The  tail  had  begun  to  shorten 
and  its  dorsal  and  ventral  fins  had  almost  completely  disap- 
peared. The  volume  of  the  animal  had  decreased  to  60  per 
cent  of  the  original,  and  the  hind  limbs  had  lengthened  to  18  mm. 

At  autopsy  were  found  a  practically  differentiated  gastro- 
intestinal tract,  gills  that  had  decreased  somewhat  in  size,  lungs 
that  were  very  large  and  full  of  air,  small  heart  and  kidneys, 
spleen  and  ovaries  well  developed,  and  brain  fully  metamor- 
phosed. 

G.  (PL  V  and  table.) 

This  large  thyreoidless  larva  was  kept  in  this  group  of 
animals  to  serve  as  a  control  and  was  fed  algae  and  milk  sugar, 
although  such  procedure  was  not  really  necessary  since  Allen, 
Hoskins  and  others  have  shown  that  thyreoidless  larvae  retain 
the  larval  condition  under  normal  circumstances,  and  as  shown 
in  section  I  of  this  paper,  milk  sugar  alone  has  no  direct  effect 
upon  metamorphosis.  This  animal  (6)  was  kept  for  15  days 
in  a  dilute  sugar  solution  and  fed  on  algae.  It  continued  to 
grow,  but  showed  no  signs  whatever  of  metamorphosis.  Its 
growth  was  somewhat  more  rapid  than  that  of  average  thyreoid- 
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less  larvae  of  the  same  age  kept  on  a  normal  diet,  but  was  little 
if  any  more  rapid  than  the  maximum  growth  of  such  larvae. 

At  the  end  of  the  experiment  this  animal  had  increased  in 
total  length  from  47  to  52  mm.,  including  an  increase  in  body 
length  of  3  mm.  The  volume  had  changed  from  0.98  to  1.40  cc, 
a  growth  of  43  per  cent  as  contrasted  with  a  decrease  in  volume 
of  30  to  60  per  cent  suffered  by  the  other  larvae.  This  animal 
was  thus  from  two  to  three  times  as  large  as  the  larvae  that  had 
received  15  doses  of  pituitary  substance. 

Autopsy  showed  its  viscera  all  in  the  larval  condition  as 
previously  described  for  thyreoidless  larvae  (see  Hoskins  and 
Hoskins  '19b).  The  brain  was  especially  small  and  undiffer- 
entiated, whereas  the  ovaries,  which  are  not  retarded  by  thy- 
reoidectomy, were  well  developed  and  contained  oocytes  visible 
on  the  surface  of  the  gonad. 

H.  (PI.  V  and  table.) 

This  animal  received  9  daily  1  grain  doses  of  the  anterior 
pituitary  substance,  and  reacted  about  the  same  as  the  other 
thyreoidless  larvae  after  the  same  amount  of  medication.  The 
length  decreased  slightly,  the  anal  canal  disappeared,  the  volume 
decreased  about  a  third  and  the  hind  legs  grew  to  10  mm.  The 
animal  was  then  killed,  fixed  and  autopsied.  The  forelegs  under 
the  operculum  were  4  mm.  long.  The  shape  of  the  body  and  the 
pigmentation  of  the  skin  were  changing  to  those  of  a  frog.  The 
mouth  had  just  begun  to  change.  The  stomach  was  being  formed, 
the  gut  was  shortened  to  about  half  the  larval  length,  the  liver 
was  still  large,  but  had  formed  its  three  lobes  and  was  decreasing 
in  size,  having  freed  itself  from  the  coil  of  gut  formerly  em- 
bedded within  it.  The  gall-bladder  had  enlarged.  The  gills 
were  still  large,  but  the  lungs  were  fully  expanded  and  air-con- 
taining and  the  kidneys  had  decreased  in  size.  The  testes  were 
spherical  and  well  developed,  and  the  brain  was  about  half  way 
between  that  of  a  larva  and  a  frog. 

I.     (PI.  V,  VI  and  table.) 

This  larva  also  received  nine  doses  of  the  preparation  and 
reacted  about  the  same  as  did  H,  except  that  its  loss  in  volume 
(55  per  cent)  was  greater,  and  its  tail  became  relatively  smaller. 
It«  leg  growth  was  relatively  the  same  as  that  of  H. 
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At  autopsy  its  liver,  stomach,  kidneys,  lungs  and  spleen 
were  found  to  be  completely  metamorphosed.  The  intestine  was 
about  three-fourths  reduced  to  the  frog  type,  the  gills  were 
slightly  reduced,  and  the  brain  had  become  nearly  differenti- 
ated. 

J.  (PL  V,  VI  and  table.) 

This  animal  was  treated  similarly  to  I  and  reacted  in  the 
same  manner,  except  that  its  loss  in  volume  (35  per  cent)  was 
not  so  great. 

The  viscera  were  in  practically  the  same  condition  as  those 
of  I. 

DISCUSSION  OF  EXPERIMENTS  OF  SECTION  II 
In  the  above  experiments  it  was  rioted  that  in  most  cases 
the  length  of  the  animal  increased  slightly  during  the  first  day 
or  two  of  the  hypophysis  feeding,  before  involution  began.  In 
one  case  (AA)  this  added  length  persisted  for  ten  days,  although 
in  this,  as  in  other  cases,  the  volume  of  the  tail  was  steadily 
decreasing  regardless  of  length,  because  of  a  shrinkage  both 
dorso-ventrally  and  laterally.  In  this  involution  the  tail  did  not 
react  quite  the  same  as  it  does  in  natural  metamorphosis,  the 
muscles  and  cartilage  being  more  resistant  than  the  skin  and 
connective  tissue. 

The  volume  began  to  decrease  in  every  case  within  twenty- 
four  hours,  and  in  all  but  one  experiment,  the  decrease  was 
continuous.  A  considerable  portion  of  this  loss  in  the  first  few 
days  was  due  to  discharge  of  feces,  as  occurs  naturally  with 
the  shrinkage  of  the  gut.  The  total  loss  in  volume  suffered  by 
the  larvae  was  quite  as  extensive  as  occurs  naturally,  being  63 
per  cent  in  one  case. 

One  animal  (AA)  continued  to  metamorphose  for  thirteen 
days  after  the  medication  was  stopped,  indicating  either  that  the 
absorbed  pituitary  substance  persisted  for  some  time  in  the 
larva  or  else  that  it  had  started  some  process  within  the  animal 
that  was  able  to  continue  after  the  intake  of  pituitary  ceased. 
In  all  of  the  cases  in  which  the  jaws  of  the  larvae  began  meta- 
morphosis (AA,  A,  C,  D,  E,  F)  the  animals  quit  eating  the 
pituitary  substance  and  could  have  been  infiuenced  after  that 
time  only  by  the  extract  soluble  in  the  water  of  the  aquarium 
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or  else  by  a  persisting  effect  of  the  substance  eaten  previously. 
The  animals'  ceasing  to  eat  the  tablets  may  account  for  the 
failure  of  their  tails  to  disappear  entirely. 

The  effect  of  the  medication  on  the  viscera  was  evident 
earlier  than  the  effect  on  the  somatic  structures  so  far  as  macro- 
scopic changes  could  be  noted.  There  occurred  on  the  first  day 
the  decrease  in  the  size  of  the  abdomen  referred  to  above  and  the 
anal  canal  began  to  disappear  usually  within  three  or  four  days, 
being  entirely  gone,  in  some  cases,  in  five  days. 

At  autopsy  the  viscera  were  found,  in  every  case,  to  be 
further  advanced  in  metamorphosis  than  were  the  somatic  parts 
as  a  whole,  although  the  skeletal  development  was  well  ad- 
vanced. The  gastro- intestinal  tract  differentiated  fairly  early, 
being  nearly  half  completed  in  nine  days.  The  shrinkage  of 
the  liver  that  occurs  normally  during  metamorphosis  was  very 
marked  in  these  experiments,  in  one  animal  (E)  becoming 
actually  smaller  than  the  gall-bladder.  The  gonads  which  are 
not  directly  affected  by  metamorphosis  resembled  those  already 
described  for  thyreoidless  larvae.  The  kidneys  and  spleen  un- 
derwent their  usual  metamorphic  changes  in  most  of  the  ani- 
mals of  these  experiments,  but  the  gills  tended  to  persist  for  a 
longer  time  than  they  do  in  normal  metamorphosis.  The  lungs 
are  not  affected  directly  either  by  thyreoidectomy  or  natural 
metamorphosis,  as  we  have  shown  in  a  previous  publication,  and 
there  was  no  effect  on  them  in  these  experiments.  In  all  cases 
they  were  noted  at  autopsy  to  be  expanded  and  to  contain  air, 
but  this  is  true  also  of  the  lungs  of  undifferentiated  larvae.  The 
brain,  which  in  thyreoidless  larvae  develops  much  more  slowly 
than  normally,  was  markedly  stimulated  in  its  growth  by  the 
hypophysis  feeding,  and  after  but  nine  doses  given  to  animal  I, 
for  example,  the  brain  had  changed  almost  completely  to  the 
shape  found  in  young  frogs. 

The  skeleton,  as  indicated  by  the  growth  of  the  legs,  showed 
considerable  variability  in  its  response  to  the  pituitary  sub- 
stance. Animal  F  (PL  V)  developed  a  larger  skeleton  in  a 
shorter  time  than  did  E,  although  at  the  beginning  of  the  experi- 
ment it  was  the  smaller  of  the  two  animals.  The  skin  developed 
in  some  cases  more  rapidly  than  did  the  legs,  and  in  C,  D  and 
P  the  right  foreleg  was  unable  to  break  through  it. 
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The  action  of  the  pituitary  Bubstance  in  these  experiments 
was  somewhat  less  extensive  and  less  rapid  than  has  previously 
been  described  for  the  thyreoid  in  experiments  of  the  same  kind. 

GENERAL  DISCUSSION 

It  has  been  believed  for  many  years  that  the  thyreoid  and 
hypophysis  are  able,  to  a  certain  extent  at  least,  to  function 
vicariously.  This  idea  was  expressed  by  Rogowitsch  '89,  who 
noted  hypertrophy  of  the  hypophysis  in  rabbits,  following  thy- 
reoidectomy, an  experiment  probably  first  performed  by  Ray- 
nard  '34  and  repeated  since  by  a  very  large  number  of  other 
investigators.  In  cases  of  pregnancy  (Paton  '13)  and  in  natu- 
rally occurring  myxoedema,  there  has  also  been  noted  pituitary 
hypertrophy  (Boyce  and  Beadles  '93).  Ascoli  '12  has  shown, 
on  the  other  hand,  that  after  removal  of  the  hypophysis  of  mam- 
mals the  thyreoid  tends  to  atrophy,  and  Adler  '14  and  others 
have  verified  this  finding  in  the  amphibia.  In  addition  to  the 
above  mentioned  effects  of  removing  either  the  hypophysis  or 
the  thyreoid,  many  other  changes  have  been  described  for  other 
organs  and  tissues,  and  changes  in  either  the  thyreoid  or  hypo- 
physis can  be  produced  by  experiments  other  than  removal  of 
one  of  them.  Livingston  '14,  for  example,  noted  hypertrophy 
of  the  pituitary  after  the  spaying  of  rabbits.  Jackson  '17  found 
that  the  hypophysis  of  rats  decreases  in  size  during  inanition; 
Gushing  and  Goetsch  '15  described  a  similar  decrease  in  the 
pituitary  of  woodchucks  during  hibernation;  in  both  cases  the 
hypophysis  returned  to  normal  when  the  animals  were  given  a 
normal  diet. 

The  effect  on  the  hypophysis  of  thyreoidectomy  in  mam- 
mals has  been  seen  since  the  experiments  of  Rogowitsch  '89, 
by  Hofmeister  '94  and  more  recently  by  various  workers  (see 
Vincent  '12,  Biedl  '13,  or  Paton  '13).  Viguier  '11  obtained  the 
same  effect  in  lizards,  and  Hoskins  and  Hoskins  '18,  Rogers  '18 
and  Larson  '19  have  noted  it  in  amphibia.  Hence  the  relation- 
ship between  the  thyreoid  and  the  hypophysis  indicated  by  this 
kind  of  experiments  probably  obtains  in  all  classes  of  animals. 

Response  to  feeding  thyreoid  substance  has  been  investi- 
gated in  many  kinds  of  animals  and  with  fairly  uniform  results. 
When  large  doses  are  administered  the  animals  are  poisoned, 
but  when  properly  regulated  amounts  are  used  there  occurs  a 
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stimulation  which,  however,  has  been  interpreted  differently  by 
different  investigators.  This  effect  in  mammals  has  recently 
been  discussed  by  Hoskins  '16,  Herring  17,  and  Kojima  '17,  and 
in  protozoa  by  Shumway  '17.  The  classic  studies  of  Gudematsch 
'12,  '14,  have  shown  the  remarkable  stimulating  effect  of  thy- 
reoid extract  when  fed  to  amphibian  larvae.  Morse  '14  found 
the  action  to  be  due  to  the  iodine  content  of  the  thyreoid.  He 
was  unable  to  obtain  it  with  inorganic  iodine,  but  did  obtain  it 
with  iodized  blood  albumen.  Lenhart  '15  stated  that  the  effect 
on  frog  larvae  was  proportional  to  the  iodine  content  of  the 
thyreoid  substance  used,  but  he  also  was  unable  to  get  the  same 
results  with  inorganic  iodine.  Lenhart  pointed  out  further  that 
the  effect  in  hastening  metamorphosis  was  of  a  general  nature 
and  not  due  to  any  specific  differentiating  property  of  the  thy- 
reoid. Romeis  '15  using  Lugol  's  solution  likewise  was  unable  to 
bring  about  precocious  metamorphosis  of  frog  larvae  by  admin- 
istering inorganic  iodine.  Abderhalden  '15  showed  that  the 
result  could  be  obtained  with  thyreoid  substance  thoroughly  di- 
gested and  later.  Swingle  '18,  repeating  the  experiments  with 
iodine,  was  able  to  stimulate  metamorphosis  in  normal  frog 
and  toad  larvae  and  in  those  which  had  had  their  thyreoids 
removed.  He  hastened  metamorphosis  in  frog  larvae  with 
M/1,100,000  iodine  solution  ('19).  Allen  '19  produced  the  same 
kind  of  stimulation  in  amphibian  larvae  which  had  had  both  the 
thyreoid  and  hypophysis  extirpated. 

From  the  above  experiments,  and  especially  from  the  work 
of  Kendall  '19,  it  seems  highly  probable  that  the  active  principle 
in  the  thyreoid  is  some  iodine  compound,  and,  as  far  as  amphibia 
are  concerned,  inorganic  iodine  appears  to  be  as  capable  of 
markedly  stimulating  metabolism  as  thyreoid  substance  itself. 
There  are  possibly  various  other  organic  and  inorganic  sub- 
stances able  to  produce  the  same  effect,  if,  as  Kendall  points  out, 
it  is  simply  in  the  nature  of  catalysis. 

Experiments  with  the  hypophysis  are  by  no  means  so  uni- 
form in  their  results  as  are  those  with  the  thyreoid.  There  is 
an  admitted  relation  of  the  hypophysis  to  carbohydrate  metabo- 
lism as  discussed  recently  by  Keeton  and  Becht  '19,  and  to  skel- 
etal and  other  growth  (Gushing  '12),  but  the  exact  details  of 
these  relationships  are  still  in  dispute.     In  higher  animals,  re- 
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moval  of  the  hypophysis  (Gushing  '12)  is  incompatable  with 
life,  although  larval  frogs  are  able  to  live  without  it  (Adler  14, 
Smith  '16  and  Allen  16,  Hoskins  and  Hoskins  '19a),  and 
Houssay  '17  was  able  to  keep  alive  some  adult  frogs  from  which 
the  hypophysis  had  been  removed. 

From  1897  to  1916  there  was  about  an  even  division  of 
opinion  as  to  whether  pituitary  feeding  would  or  would  not 
give  positive  results  (for  discussion  see  Schiflf  '97,  Biedl  '13, 
and  Hoskins  '16),  but  since  then  most  of  the  papers  published 
on  the  subject  agree  that  at  least  with  the  feeding  of  the  anterior 
lobe  of  the  hypophysis,  a  definite  stimulation  of  growth  can  be 
produced.  This  has  been  claimed  for  protozoa  (Flather  '19), 
worms  (Wulzen  '16),  birds  (Winternitz  '16,  opposed  by  Pearl 
'16)  and  mammals  (Robertson  '17  and  Marinus  '19).  Nu- 
merous other  papers  on  the  subject  will  be  found  abstracted  in 
the  files  of  Endocrinology,  1917-20. 

Massay  '08  tried  to  prevent  the  usual  symptoms  following 
thyreoidectomy  of  dogs,  by  hypophysis-extract  injections,  and 
obtained  negative  results.  Larson  '19  with  somewhat  similar 
experiments  reports  that  these  symptoms  can  be  prevented  from 
occurring  in  thyreoidectomized  rats  by  hypophysis  feeding,  but 
Allen  '19a,  states  that  he  obtained  negative  results  when  he  ad- 
ministered beef  pituitary  substance  to  thyreoidectomized  tad- 
poles. As  described  above,  anterior  pituitary  substance  will 
bring  about  almost  if  not  complete  metamorphosis  of  thyreoid- 
less  frog  larvae. 

As  to  the  effect  of  feeding  hypophysis  substance  to  normal 
tadpoles,  Gudernatsch  '12,  '14,  reported  negative  results  with 
hypophysis  extract  carried  from  New  York  to  Vienna  and  kept 
in  the  laboratory  at  room  temperature.  Abderhalden  '15  per- 
formed a  few  experiments  with  an  extract  of  thoroughly  di- 
gested hypophysis  substance  and  found  it  very  toxic  to  his  tad- 
poles, but  noted  that  in  a  few  cases  it  seemed  to  stimulate  their 
development.  He  regarded  his  results  as  indefinite.  Smith  '18, 
states  that  anterior  pituitary  substance  stimulates  growth  of 
frog  larvae  just  before  metamorphosis  and  then  hastens  this 
process. 

That  we  were  able  to  bring  about  early  metamorphosis  in 
normal  frog  larvae  by  the  administration  of  anterior  pituitary 
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substance  is  not  surprising,  in  view  of  the  fact  that  hypophysis 
substance  has  previously  been  shown  to  stimulate  metabolism 
and  the  fact  that  such  stimulation  is  sujSBcient  in  itself  to  hasten 
metamorphosis  of  amphibians.  As  Lenhart  '15  pointed  out,  in 
the  numerous  experiments  wherein  early  metamorphosis  of  tad- 
poles has  been  induced,  what  really  occurs  is  simply  the  hasten- 
ing of  a  natural  process.  Nothing  fundamental  takes  place  dur- 
ing this  hastened  change  of  form  that  does  not  happen  naturally 
at  a  lesser  rate. 

Concerning  the  manner  of  action  of  pituitary  substance  fed 
to  animals,  we  have  no  certain  explanation.  We  cannot  as  yet 
determine  whether  the  action  upon  the  metabolism  is  direct  or 
whether  the  substance  acts  by  stimulating  some  gland  or  other 
structures  of  the  body.  It  is  doubtful  whether  the  influence  of 
the  hypophysis  fed  to  normal  tadpoles  is  exerted  entirely  upon 
the  thyreoid  because,  as  we  described  above,  the  same  sort  of 
phenomenon  is  seen  when  this  substance  is  administered  to 
larvae  which  have  been  deprived  of  their  thyreoids.  Moreover, 
the  action  is  not  simply  a  stimulation  of  all  general  metabolic 
processes,  because  thyreoidless  larvae  will  live  for  months  or 
years  on  a  normal  diet  without  undergoing  metamorphosis, 
whereas  they  begin  to  metamorphose  within  twenty-four  hours 
if  anterior  pituitary  substance  is  administered  to  them.  The 
hypophysis  of  these  thyreoidless  larvae  has  undergone  a  distinct 
hyperplasia,  apparently  in  an  attempt  to  make  up  the  deficiency 
of  thyreoid  secretion,  but  it  is  not  successful,  and  in  these  experi- 
ments the  pituitary  preparation  may  act  through  the  animal's 
own  hypophysis.  Smith  '18  was  unable  to  cause  metamorphosis 
of  hypophysectomized  larvae  by  hypophysis  feeding,  but  as  Allen 
'19b  shows,  larval  amphibia  which  have  been  deprived  of  botft 
thyreoids  and  hypophysis  go  nearly,  if  not  completely,  through 
metamorphosis  if  inorganic  iodine  is  administered  to  them.  But 
it  is  also  true  that  the  normal  larvae  in  our  experiments  reacted 
more  completely  to  pituitary  feeding  than  did  those  which  were 
without  thyreoids,  and  more  completely  than  did  Allen's  larvae 
which  were  without  both  thyreoids  and  hypophysis,  react  to 
iodine.  Hence  it  seems  probable  that  when  the  thyreoids  and 
hypophysis  are  present  their  activity  during  metamorphosis  is 
augmented  by  the  administration  of  thyreoid,  iodine,  or  pitu- 
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itary,  and  in  the  absence  of  one  or  both  of  these  glands,  the 
above  mentioned  substances  are  able  to  supplement  their  activity 
to  a  considerable  extent.  It  is  quite  possible  that  Allen's  larvae 
and  our  thyreoidless  larvae  failed  to  metamorphose  completely 
because  of  the  fact  that  when  their  jaws  metamorphose  they 
cease  eating  the  administered  substances.  Swingle  '19,  how- 
ever, caused  normal  and  thyreoidless  larvae  to  metamorphose 
by  placing  them  in  a  dilute  solution  of  iodine,  so  it  is  probable 
that  this  halogen  is  absorbed  in  quantities  sufficient  to  produce 
the  effect  noted.  It  has  long  been  known  that  the  skin  of  am- 
phibia is  pervious  to  substances  soluble  in  water. 

In  the  metamorphic  processes  produced  in  thyreoidless 
larvae  by  pituitary  feeding,  there  was  some  variability  of  the 
minute  details  of  these  phenomena  as  described  above.  In  some 
larvae  the  skeletal  growth  was  relatively  more  rapid  than  in 
others,  and  the  changes  occurring  in  the  different  viscera  were 
variable,  the  entire  process  not  being  quite  so  well  co-ordinated 
as  in  normal  metamorphosis. 

Finally,  as  stated  in  the  introduction,  the  results  obtained 
by  feeding  preparations  of  dead  ductless  glandular  substances 
to  animals  may  be  pharmacological  rather  than  physiological, 
and  may  not  represent  the  normal  functions  of  the  animal. 
This  is  certainly  true  of  feeding  inorganic  substances  such  as 
iodine. 

SUMMARY  AND  CONCLUSIONS 

We  have  found  that  a  preparation  of  the  anterior  lobe  of 
beef  hypophysis,  which  contains  some  form  of  iodine,  1 :200,000 
of  fresh  substance,  when  administered  to  normal  frog  larvae 
will  bring  about  a  precocious  metamorphosis,  resulting  in  the 
production  of  frogs  the  size  of  which  varies  with  the  size  of  the 
larvae  at  the  beginning  of  the  experiinent.  If  the  original 
larvae  are  very  small,  they  never  become  as  large  as  the  con- 
trols and  the  resulting  frogs  are  small.  Such  frogs  have  little 
vitality.  If  permitted  to  remain  exposed  to  the  air  they  die  and 
dry  down  almost  flat,  losing  their  shape,  and  there  remains  but 
a  very  small  percentage  of  the  original  volume.  We  have  not 
yet  studied  these  small  frogs  microscopically,  but  they  appear 
to  have  a  relatively  high  water  content.  Pituitary  substance  is 
more  toxic  to  small  than  to  larger  larvae. 
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When  the  pituitary  preparation  was  administered  to  thy- 
reoidless  larvae  which  would  otherwise  have  remained  in  the 
larval  form  more  or  less  indefinitely,  a  beginning  of  metamor- 
phosis occurred  within  twenty-four  hours;  it  progressed  some- 
what more  slowly  than  in  the  other  experiments  just  mentioned ; 
but  it  ultimately  became  nearly  complete  by  the  time  the  ani- 
mals were  either  killed  or  died  spontaneously. 

Prom  these  experiments  the  hypophysis,  in  its  relation  to 
amphibian  metamorphosis,  is  to  be  ranked  with  the  thyreoid  as 
shown  by  the  well  known  work  of  Gudematsch. 

We  regard  the  results  obtained  as  due  to  a  stimulation  of 
natural  general  metabolic  processes,  either  directly  or  indirectly, 
but  the  exact  nature  of  this  action  is  not  known.  The  effect 
is  both  progressive,  as  seen  especially  in  the  skeletal  and  cu- 
taneous development,  and  retrogressive,  as  seen  especially  in 
the  digestive  tract  and  tail. 

It  is  very  doubtful  that  the  action  of  the  anterior  pituitary 
substance  is  due  merely  to  its  iodine  content,  although  such  may 
be  the  case.  Other  tissues  with  traces  of  iodine  will  not  pro- 
duce the  same  effect  as  the  pituitary. 

It  is  quite  possible  that  the  initial  stimulation  in  hypo- 
physis feeding  is  exerted  upon  the  calcium  and  phosphorus 
metabolism  as  is  indicated  by  skeletal  changes  in  these  experi^ 
ments,  although  intestinal  transformation  also  begins  very 
early. 

The  hypophysis  and  the  thyreoid  are  closely  related  physio- 
logically and  can  to  some  extent  function  vicariously. 

Recent  investigations  by  various  workers  with  amphibian 
larvae  have  developed  the  following  facts  concerning  the  thy- 
reoid and  hypophysis: 

1.  Removal  of  the  thyreoid  hastens  growth,  causes  hyper- 
plasia of  the  hypophysis  and  prevents  metamorphosis. 

2.  Removal  of  the  hypophysis  retards  growth,  retards 
development  of  the  thyreoid,  prevents  metamorphosis,  and  re- 
tards development  of  cutaneous  pigment. 

3.  Feeding  thyreoid  or  hypophysis  (or  iodine)  to  normal 
larvae  hastens  metamorphosis. 

4.  Feeding  thyreoid  or  hypophysis  (or  iodine)  to  thy- 
reoidectomised  larvae  brings  about  metamorphosis. 
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5.  Feeding  hypophysis  to  hypophysectomised  larvae  stimu- 
lates growth  but  does  not  cause  metamorphosis. 

6.  Feeding  iodine  to  larvae  with  both  the  thyreoid  and 
hypophysis  removed  causes  metamorphosis. 

LITERATURE  CITED 

Abderhalden,  E. :    Studien  ueber  die  von  einzelnen  Organen  hervorge- 

brachten.    Substanzen  mit  specifischer  Wirkung.     I.    Mitteilung. 

Verbindung  die  einen  Einfluss  auf  die  Entwickelung  und   den 

zustand  bestimmter  Gewebe  austtben.     Arch.  f.  d.  ges.  Physiol. 

(Bonn),  1915,  162,  99. 
Adler,  L.:     Metamorphosestudien  an  Betrachierlarven.  .  I.    Exstirpa- 

tion  endocraner  Driisen.    A.  Exstirpation  der  Hyx>ophyse.    Arch. 

f.  Entw.  d.  Org.  1914,  39. 
Allen,  B.  M.:  The  results  of  thyroid  removal  in  the  larvae  of  Rana 

pipiens.    Jour.  Exp.  Zool.  (Phila.),  1918,  24. 
Miscellaneous     notes     regarding     experimental     studies 

upon  the  endocrine  gland  of  Rana  and  Bufo.   (Abstract)   Anat. 

Rec.   (Phila.),  1919,  15,  353. 
The    relation    of   the    pituitary   and   thyroid  glands  of 

Bufo  and  Rana  to  iodine  and  metamorphosis.    Biol.  Bull.  (Woods 

Hole),  1919b,  34,  405. 
Ascoli,  ii.:     Die  Folgen  der  Exstirpation  der  Hypophyse.     Munch. 

med.  Wchnschr.,  1912,  59,  519. 
Gauman,  E.:     Uber  das  Thyrojodin.    Miinch.  med.  Wchnschr.,  1896, 

43,  809. 
Biedl,  A.:     Innere  Secretion.     Ihre  physiolo^^ischen  Grundlagen  und 

ihre  Bedeutung  fur  die  Pathologie.    Berhn,  1913. 
Boyce  and  Beadles,  '93.     (Cited  by  Vincent,  1912.) 
Gushing,  H.:     The  pituitary  body  and  its  disorders.     Philadelphia, 

1912. 
Gushing,  H.,  and  Goetsch,  E.:     Hibernation  and  the  pituitary  body. 

Jour.  Exp.  Med.  (Phila.),  1915,  22. 
Denis,  W.:     A  note  regarding  the  presence  of  iodine  in  the  human 

pituitary  body.    Jour.  Biol.  Ghem.,  1911,  9,  365. 
'Flather,  M.:     The  effects  of  some  glandular  extracts  iipon  the  con- 
tractile vacuoles  of  Paramecium  caudatum.     Biol.  Bull.   (Woods 

Hole),  1919,  37. 
Gudernatsch,  J.  F.:     Feeding  experiments  on  tadpoles.     I.  Arch.  f. 

Entwick.    1912,  35,  437. 
.  Feeding  experiments  on  tadpoles  II.    Further  contri- 
bution to  the  knowledge  of  organs  with  internal  secretions.    Am. 

J.  Anat.  (Phila.),  1914.  15,  431. 
Hahn,  A.:     Einige  Beobacntungen  an  Reisenlarven  von  Rana  escu- 

lenta.    Arch.  f.  Mik.  Anat.  1912,  80,  1. 
Herring,  P.  T.:     The  action  of  thyroid  upon  the  growth  of  the  body 

and  organs  of  the  white  rat.     Quart.  J.  Exp.  Physiol.   (Lond.), 

1917,  11,  231. 

Hoifmeister,  F.:  Experimentelle  Untersuchungen  iiber  die  Folgen 
des  Schilddriissen  Verlustes.    Beit.  z.  klin.  Ghir.  1894,  11,  441. 

Hoskins,  E.  R.:  The  growth  of  the  body  and  organs  of  the  albino 
rat  as  affected  by  feeding  various  ductless  glands  (thyroid,  thy- 
mus, hypophysis  and  pineal).  Jour.  Exp.  Zool.  (Phila.),  1916,  21, 
295. 

Hoskins,  E.  R.,  and  Hoskins,  M.  M.:  Further  experiments  with  thy- 
roidectomy in  amphibia.    Proc.  Soc.  Exp.  Biol,  and  Med.  (N.  Y.), 

1918,  15,  102. 


Digitized  by  VjOOQ IC 


HOSKINS  AND  HOSKINS  31 

(Abstract).  Experiments  with  the  thyroid,  hypo- 
physis and  pineal  glands  of  Rana  sylvatica.  Anat.  Rec.  (Fhila.), 
1919a,  16,  151. 

The  growth  and  development  of  amphibia  as  af- 
fected by  thyroidectomy.    Jour.  Exp.  2ool.  (Phila.),  1919b,  29,  1. 

Houssay,  B.  A. :  Recherches  experimentales  sur  Thypophyse  de  la 
Grenouille.   Jour,  de  Phys.  et  Path.  Gen.  (Paris),  1917,  17,  106. 

Jackson,  C.  JVf.:  The  effects  of  inanition  and  refeeding  upon  the 
growth  and  structure  of  the  hypophysis  in  the  albino  rat.  Am. 
J.  Anat.    (Phila.),   1917,  21,   321. 

Keeton,  R.  W.,  and  Becht,  F.  C:  The  relation  of  the  hypophysis  to 
glycogenolysis.     Am.  J.  Physiol.   (Bait.),  1919,  49,  248. 

Kendall,  £.  G. :  The  physiolog^ic  action  of  thyroxin.  Endocrin.,  1919,  3, 
156. 

Kojima,  M.:  Studies  on  endocrine  glands.  Quart.  J.  Exp.  Physiol. 
(Lond.).  1917,  51,  319. 

Larson,  J.  A.:  On  the  functional  correlation  of  the  hypophysis  and 
the  thyroid.    Am.  J.  Physiol.  (Bait.),  1919,  49,  55. 

Larson,  M.  E.:  Effect  of  the  extirpation  of  the  thyroid  gland  upon 
the  pituitary  gland  in  Bufo.  (Abstract).  Anat.  Rec.  (Phila.), 
1919,  15,  353. 

Lenhart,  G.  H.:  Influence  upon  tadpoles  of  feeding  desiccated  thy- 
roid gland  in  variable  amounts  and  of  variable  iodine  content. 
J.  Exp.  Med.  (N.  Y.),  1915,  22,  739. 

Livingston,  A.  E. :  Effect  of  castration  on  the  weight  of  the  pituitary 
in  rabbits.    Proc.  Soc.  Exp.  Biol,  and  Med.  (N.  Y.),  1914,  11. 

Mac  Arthur,  G.  G.:  A  method  of  tissue  analysis  applied  to  the  pos- 
terior and  anterior  lobes  of  cattle  pituitaries.  J.  Am.  Ghem.  Soc. 
1919,  41.  1225. 

Marinus,  G.  J. :  The  effect  of  feeding  pars  tuberalis  and  pars  anterior 
propria  of  the  bovine  pituitary  glands  upon  the  early  develop- 
ment of  the  white  rat.    Am.  J.  Physiol.  (Bait.),  1919,  49,  238. 

Masay,  F.:  L'Hypophyse.  These,  Bruxelles,  1908.  (Gited  by  Vin- 
cent, 1912.) 

Morse,  M.:  The  effective  principle  in  the  thyroid,  accelerating  invo- 
lution in  frog  larvae.    J.  Biol.  Ghem.,  1914,  19,  421. 

Paton,  D.  N.:    Regulators  of  Metabolism.    London.    1913. 

Pearly  R.:  Reproduction  in  the  fowl.  IV.  On  the  effects  of  feeding 
pituitary  body  (anterior  lobe)  substance  and  corpus  luteum  sub- 
stance to  growing  chicks.  Proc.  Nat.  Acad.  Sc.  (Wash.),  1916,  2, 
50. 

Raynard,  G.  R.:  G.  R.  des  traveaux  de  Tecole  royale  veterinaire  de 
Lyon  pendant  I'annee  scholaire.  Rec.  de  Med.  Vet.  Prat.,  1836, 
13,  8.     (Gited  by  Vincent,  1912.) 

Robertson,  T.  B.,  and  Delprat,  M.:  Experimental  studies  on  growth. 
IV.  The  influence  of  tethelin  upon  the  early  growth  of  the 
white  mouse.    J.  Biol.  Ghem.,  1917,  31,  567. 

Rogers,  J.  B.:  The  effect  of  the  extirpation  of  the  thyroid  upon  the 
thymus  and  pituitary  glands  of  Rana  pipiens.  J.  Exp.  Zool. 
(Phila.),  1918,  24. 

Rogowitsch,  N. :  Die  Veranderungen  der  Hypophyse  nach  Entf ernung 
des  Schilddriise.     Beitr.  z.  path.  Anat,  1889,  4,  453. 

Romeis,  B.:  Experimentelle  Untersuchungen  ueber  Wirkung[  innerer- 
sekretorische  Organe.  II.  Der  Einfiuss  von  Thyroidea  und 
Thymus  Fi&tterung  auf  das  Wachstum  die  Entwickelung  und  die 
Regeneration  von  Anurenlarven.  Arch.  f.  Entwickelungsmech, 
1915,  41. 

Shumway,  W.:  Effects  of  thyroid  on  Paramecia.  J.  Exp.  Zool. 
(Phila.).  Idl7,  22,  529. 


Digitized  by  VjOOQ IC 


32         THYROID  AND  HYPOPHYSIS  IN  GROWTH 

Simpson,  S.,  and  Hunter,  A.:     The  relations  between  the  thyroid  and 

pituitary  glands.    Proc.  Soc.  Exp.  Biol,  and  Med.  (N.  Y.),  1909, 

7,  11. 
Schiif,  A.:     Beeinflussune  der  Stoffwechsels  durch  Hypophysis — ^und 

Thyreoidtherapie.    Wiener  klin.  Wchnschr.,  1897,  10,  277. 
Smith,  P.  E.:     The  effects  of  hypophysectomy   in   the  early   embryo 

upon  the  gn^owth  and  development  of    the    frog.      Anat.    Rec. 

(Phila.),  1916,  11,  57. 
The  growth  of  normal  and  hypophysectomised  tadpoles 

as  influenced  by  endocrine  diets.    Univ.  (Jahfomia  Pubs.  (Physiol. 

Ser.),  1918,  5,  11. 
Schnitzler,  J.:     Ueber  das  Vorkommen  des  Thyreojodins  im  mench- 

lichen  Korpers.    I.    Thyreojodin  im  der  Hypophyse.    Wiener  klin. 

Wchnschr.,  1896,  9,  657. 
Swingle,  W.  W.:  Iodine  as  the  active  principle  of  the  thyroid  gland. 

Endocrin.,  1918,  2,  283. 
Iodine   and   the  Thjrroid.   III.     The  specific  action  of 

iodine  in  accelerating  amphibian  metamorphosis.  J.  Gen.  Physiol. 

(N.  Y.),  1919j  1,  593. 
Viguier,  G.:     Modifications  de  Thypophyse  apres  thyroidectomie  ches 

un  lezard    (Uromastrix  acantninurus,  Bell).     C.   R.   Soc«  Biol. 

(Paris),  1911,  70,  222. 
Vincent,  S.:     Internal  secretion  and  the  ductless  glands.     London. 

1912. 
Wells,  H.  G.:     The  physiology  and  therapeutics  of  the  thyroid  gland 

and  its  congeners.    J.  Am.  M.  Assn.  (Chgo.),  1897,  29,  1007. 
Wintemitz,  M.  C:     Some  observations  on  the    effects    of    feeding 

glands  of  internal  secretion  to  chicks.    Johns  Hopkins  Hosp.  Rep. 

(Bait.),  1916,  18,  21. 
Wulzen,  R.:     Effect  of  hypophysis  feeding  on  the  growth  and  fission 

of  planarian  worms.    J.  ^iol.  Chem.,  1916,  25,  625. 


Digitized  by  VjOOQ IC 


PLATES  I  to  VI 
TABLE 


Digitized  by  VjOOQ IC 


PLATE  I. 

Fig.  1.     Hypophysis-fed  tadpole.     (Ex.  1)   15  days  after  begin- 
ning of  experiment.    Body  11  mm.    Total  32  mm.    X  2. 

Fig.  2.     Normal  tadpole.     Body  13.5  mm.     Total  32  mm.     X  2. 
Both  drawn  from  the  living  animal. 
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PLATE  II. 

Fig.  3.     Hypophysis-fed  frog.     (Ex.  1.)    28  days  after  beginnins 
of  experiment.    Body  8.8  mm.    A  2.    Drawn  from  the  living  animal. 

Fig.  4.     Normal  frog.    Body  (fixed)  10.4  mm.    X  2. 
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PLATE  III.    All  drawn  X  2  from  the  living  animals. 

Fig.  5.  Hypophysis-fed  tadpole  (2  A)  18  days  after  beginning 
of  experiment.    Body  9.5  mm.    Total  21  mm. 

Fig.  6.  Normal  tadpole.  Same  age  as  above.  Body  12  mm. 
Total  28  mm. 

Fig.  7.  Hypophysis-fed  tadpole  (Ex.  2  A)  28  days  after  begin- 
ning of  experiment.    Body  8  mm.    Total  21.5  mm. 

Fig.  8.  Hypophysis-fed  tadpole  (Ex.  2  B)  13  days  after  begin- 
ning of  experiment.  Body  12  mm.  Total  28  mm.  Compare  with  Fig. 
6  for  tadpole  of  same  length. 

Fig.  9.  Hypophysis-fed  tadpole  (Ex.  2  B)  31  days  after  begin- 
ning of  experiment.    Body  15  mm.    Total  35  mm. 

Fig.  10.  Normal  tadpole.  Same  age  as  in  Fig.  9.  Body  15  mm. 
Total  33  mm.  (Later  the  controls  became  larger  than  the  hypophysis- 
fed  larvae.) 
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PLATE  IV, 

Fibres  D  to  J.  Normal  Rana  sylvatica  natural  size  photo- 
graphed in  alcohol  after  fixation.  The  larvae  (D  to  N)  had  reached 
their  maximum  size  and  were  on  the  point  of  beginning  a  rapid  meta- 
morphosis when  fixed.  Note  the  shrinkage  in  size  that  has  occurred 
during  metamorphosis  (B  to  J). 
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PLATE  V. 

Figures  A.A.  to  J.  Thyreoidless  Rana  sylvatica,  natural  size. 
Photofirraphed  in  alcohol  after  fixation.  For  size  and  number  of  doses 
of  anterior  pituitary  substance  administered  see  Table.  Note  G. 
which  received  no  medication.  The  development  is  roughly  propor- 
tional to  the  amount  of  pituitary  given,  and  the  size  of  the  frogs  is 
proportional  to  the  size  of  the  larvae  before  medication.  A,  C,  and  D 
died  in  the  aquaria  and  became  slightly  swollen. 
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PLATE  VI. 

Thyreoidless  and  control  larvae  and  "frogs"  of  Rana  sylvatica 
treated  with  anterior  pituitary  substance.  Same  animals  as  in  Plate  V. 
but  dissected.    X  3'.    C  and  D — Controls ;  AA,  F  and  I — Thyreoidless. 

Abbreviations:  G.— Gall-bladder,  Gi.— Gill,  H.— Heart,  K.— Kid- 
ney, L. — Liver,  Lu. — Lung,  O. — Ovary,  S. — Stomach. 
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PIONEERS    IN    EMBRYOLOGY* 


C    M.    JACKSON,    M.S.,    M.D. 

Profesaor  of  Anatomy,   University  of  Minnesota   Medical   School 
MINNEAPOLIS 


How  living  things  are  generated  is  a  question  of 
universal  interest  which  has  attracted  attention  since 
ancient  and  even  prehistoric  times.  So  far  as  we  know, 
however,  the  Greek  philosophers  were  the  first  to  make 
a  systematic  study  of  embryology.  Among  these, 
Aristotle  (B.  C.  384-322)  was  preeminent.  Like  Hip- 
pocrates, his  immediate  predecessor,  he  was  descended 
from  a  line  of  physicians,  from  whom  he  may  have 
inherited  a  taste  for  science.  Aristotle  was  a  pupil  of 
Plato,  but  differed  from  him  fundamentally  in  his  atti- 
tude toward  philosophy.  Plato  was  an  idealist,  who 
relied  mainly  on  intuition,  while  Aristotle  was  a  realist, 
and  held  that  observation  is  the  proper  basis  for  knowl- 
edge. This  view,  now  a  commonplace  of  science,  but 
then  a  novel  idea,  was  emphasized  by  Aristotle  thus: 
"One  must  believe  the  observation  rather  than  the 
theory,  and  the  latter  only  when  it  is  in  agreement  with 
the  facts  observed." 

THE     WORK     OF     ARISTOTLE 

Aristotle  was  a  teacher  of  Alexander  the  Great,  and 
had  influence  at  court.  In  order  to  make  an  extensive 
study  of  animals,  he  obtained  from  his  royal  patron  a 
grant  of  a  large  sum,  800  talents,  or  the  equivalent  of 
about  $200,000.  This  is  interesting  as  perhaps  the  first 
governmental  subsidy  for  scientific  investigation  on  a 
large  scale.  Aristotle  used  this  amount  in  employing 
numerous  research  assistants  who  traveled  over  the 
known  world  (the  r^ons  encircling  the  Mediterra- 
nean), collecting  specimens  and  gathering  information 
from  farmers,  hunters,  fishermen  and  all  who  knew 
anything  about  animals. 

*A  lecture  given  under  the  auspices  of  the  Graduate  School,  Uni- 
▼ersity  of  Minnesota. 
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Thus,  Aristotle  was  able  to  collect  a  relatively  large 
amount  of  data  for  study.  In  addition  to  original  obser- 
vations, he  also  compiled  the  views  of  his  predecessors, 
and  even  at  that  time  refers  to  the  opinions  of  "the 
ancients."  For  while  the  period  of  some  twenty-two 
centuries  since  Aristotle  seems  a  long  time,  we  must 
not  forget  that  a  much  longer  preceding  period  had 
been  required  to  accumulate  slowly  the  small  stock  of 
common  knowledge  then  available.  Through  his  own 
observations  and  efforts,  Aristotle  was  able  to  extend 
greatly  this  knowledge,  and  to  establish  the  science  of 
biology. 

His  biologic  work  is  embodied  chiefly  in  three  books : 
**  History  of  Animals,"  ^  "On  the  Parts"  and  "Genera- 
tion of  Animals."*  The  "History  of  Animals"  is  a 
classic  which  should  be  read  by  every  student  in  biology 
and  medicine.  It  contains  in  briefer  form  his  views  on 
embryology.  They  are  elaborated  more  fully  in  the 
"Generation  of  Animals,"  which  was  the  first  sys- 
tematic treatise  on  embryology.  We  shall  refer  briefly 
to  some  of  his  principal  results  in  order  to  give  an  idea 
of  the  scope  and  character  of  Aristotle's  work  in 
embryology. 

Some  500  species  of  animals  (chiefly  vertebrates)  are 
mentioned  by  Aristotle,  and  his  descriptions  in  many 
cases  include  observations  on  their  mode  of  reproduc- 
tion. He  recognized  among  animals  two  fundamentally 
different  methods  of  reproduction,  which  we  n^w 
designate  as  biogenesis  and  abiogenesis.  Abiogenesis, 
or  spontaneous  generation  of  living  things  from  lifeless 
matter  was  a  universal  belief  at-  that  time,  and  was 
thought  to  occur,  by  the  action  of  air  and  warmth  on 
slime,  etc.,  not  only  among  the  lower  forms  of  life,  but 
also  among  vertebrates,  such  as  eels,  frogs,  and  even 
small  mammals.  This  view  seemed  to  be  proved 
beyond  question  by  everyday  experience  and  even  by 
careful  observations. 

Aristotle  mentions,  for  example,  certain  marshy 
ponds  which  dried  up,  and  in  which  eels  appeared  when 
the  ponds  were  again  filled  with  water  by  the  rains. 
Such  evidence  appeared  to  him  conclusive  proof  of 
spontaneous  generation,  a  doctrine  that  has  persisted 

1.  Aristotle:  History  of  Animals,  translated  by  Richard  Cresswell, 
London.   1891. 

2.  Aristotle:  Generation  of  Animals.  Von  der  Zeugung  und  Ent- 
wickiung  der  Thiere,  translated  by  Aubert  and  Wimmer,  Leipzig.  1860. 


Digitized  by  VjOOQ IC 


among  the  uneducated  throughout  all  ages  down  to  the 
present  day.  Even  among  scientists,  abiogenesis  was 
practically  unquestioned  before  the  time  of  Redi,  in  the 
seventeenth  century,  and  only  after  200  years  more  of 
controversy  was  it  definitely  disproved  by  the  classical 
experiments  of  Pasteur.  Even  now,  many  biologists 
believe  that  abiogenesis  of  protoplasm  is  at  least  a 
theoretical  possibility,  which  some  day  may  be  success- 
fully accomplished  by  artificial  means. 

Aristotle  recognized  biogenesis,  the  reproduction  of 
life  from  living  beings,  as  the  prevailing  method.  He 
also  observed  that  in  some  species  this  might  occur 
asexually  (by  budding  or  by  parthenogenesis),  although 
the  sexual  method  is  usual  among  the  higher  animals. 
The  essential  principle  of  the  sexual  method,  the  union 
of  male  and  female  elements  to  form  a  new  organism, 
was  of  course  already  well  known.  Aristotle  studied 
the  process  carefully  in  various  species,  and  classified 
animals  into  the  oviparous,  or  egg-producing,  including 
most  forms  below  mammals,  and  the  viviparous,  or  live- 
producing  mammals.  He  even  noted  an  intermediate 
form  ovoviviparous,  in  some  elasmobranch  fishes,  an 
observation  apparently  not  confirmed  until  the  time  of 
Johannes  Muller,  more  than  2,000  years  later. 

Unfortunately,  Aristotle  classified  the  cocoons  of  the 
insect  pupae  as  eggs,  a  mistake  that  later  misled  even 
Harvey,  and  give  rise  to  much  confusion.  Aristotle 
recognized  that  the  eggs,  which  are  produced  by  the 
female,  must  be  fertilized  by  the  semen  or  sperm  of 
the  male,  in  order  to  be  capable  of  further  development. 
He  studied  with  care  the  formation  of  the  tgg  in  the 
ovary  of  the  hen,  and  also  observed  the  process  of  the 
development  of  the  chick  day  by  day  during  incubation. 

Some  of  his  more  important  observations  on  the 
developing  chick  are  as  follows :  After  three  days  of 
incubation,  during  which  he  could  see  no  definite 
change,  the  heart  appears  as  a  pulsating  red  spot,  in 
the  white  of  the  egg  near  the  yolk.  From  the  heart 
extend  two  sets  of  vessels,  one  to  the  yolk  and  the  other 
to  the  membranes.  Soon  the  body  of  the  chick  embryo 
appears,  the  head,  especially  the  brain  and  eyes,  being 
relatively  large,  and  the  tail  end  of  the  body  very  small. 
The  various  organs,  liver,  lungs,  etc.,  appear  succes- 
sively, by  epigenesis,  and  not  simultaneously.  By  the 
tenth  day,  all  parts  are  distinct,  the  intestinal  canal 
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extending  toward  the  navel.  The  yolk  sac  is  gradually 
absorbed  for  nutriment.  The  brain  matures  slowly,  and 
the  roof  of  the  skull  is  the  last  part  of  the  skeleton  to 
form. 

In 'the  viviparous  animals  (mammals)  Aristotle 
described  the  process  of  reproduction  as  consisting  in 
an  intra-uterine  intermingling  of  the  male  semen  with 
the  female  semen.  The  latter  is  described  as  formed 
from  the  menstrual  fluid  in  the  human  female  and 
from  a  corresponding  substance  in  the  females  of  other 
mammals  during  the  rutting  season.  Aristotle's  igno- 
rance of  anatomy  is  evident  from  his  view  that  in  both 
sexes  the  semen  is  secreted  by  the  walls  of  the  sexual 
ducts  or  passages,  the  true  significance  of  the  testes  and 
ovaries  being  unrecognized.  The  material  substance 
with  the  "vegetative  spirit"  for  the  embryo  was  sup- 
posed to  be  derived  from  the  female,  corresponding  to 
the  egg  of  oviparous  forms,  while  the  developmental 
stimulus,  or  "generative  spirit,"  was  ascribed  to  the 
male  semen.  The  embryo  and  the  surrounding  mem- 
branes are  supposedly  formed  by  a  coagulation  of  the 
menstrual  fluid,  the  process  being  compared  to  the 
action  of  rennet  in  curdling  milk.  The  formation  of  the 
embryonic  body  and  organs  was  found  to  be  in  general 
agreement  with  that  of  the  chick,  as  outlined  before. 
The  same  sequence  was  noted,  the  inner  parts  of  the 
embryo  appearing  before  the  outer,  and  the  upper  part 
of  the  body  before  the  lower.  The  "nobler"  tissues 
(the  flesh  and  sense  organs),  were  supposed  to  develop 
from  the  "purest"  portion  of  the  nutriment,  while  the 
"inferior"  structures  (bones,  tendons,  nails,  hair)  come 
from  the  residue. 

Aristotle  also  studied  human  embryos,  including  one 
at  forty  days,  "about  as  large  as  a  large  ant."  He 
speculates  at  length  on  many  questions  concerning 
human  embryology,  but  is  usually  cautious  in  his  con- 
clusions, as  for  example  in  this  passage  : 

If  the  child  is  a  male,  a  movement  is  usually  felt  on  the 
right  side  of  the  groin,  in  about  forty  days;  if  a  female,  a 
movement  occurs  on  the  left  side  in  about  ninety  days.  We 
must  not  suppose,  however,  that  an  accurate  judgment  can 
be  formed  in  this  way,  for  it  often  happens  that  the  movement 
is  felt  on  the  right  side  when  a  female  child,  and  on  the  left 
side  when  a  male  child  is  conceived.  All  these  and  such 
like  things  vary  in  a  greater  or  less  degree. 
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Aristotle  also  observed  and  classified  monstrosities. 
Rejecting  various  superstitions  as  to  their  origin,  he 
established  a  rational  teratology  by  explaining  the 
various  malformations  as  developmental  defects.  He 
also  discusses  at  length  the  nature  of  heredity,  opposing 
an  earlier  theory  resembling  the  later  "pangenesis"  of 
Darwin.  It  is  not  possible,  he  says,  that  the  semen 
could  be  derived  from  all  parts  of  the  body,  each  to 
reproduce  its  corresponding  part,  for  then  it  would  be 
impossible  for  a  crippled  man  to  beget  a  normal  child. 

Many  other  interesting  observations  and  doctrines  of 
Aristotle  must  be  passed  over,  but  the  foregoing  will 
illustrate  the  range  and  importance  of  his  work.  In 
spite  of  numerous  errors  and  crudities  that  were  inev- 
itable in  such  pioneer  work,  he  established  biology  on  a 
scientific  basis,  and  formulated  many  of  the  problems 
that  have  occupied  attention  down  to  the  present  day. 

Although  embryology  was  thus  established  on  a  good 
foundation,  the  conditions  in  the  following  period  were 
unfavorable  for  its  further  development.  The  Grecian 
and  Roman  civilizations  were  overwhelmed  by  suc- 
cessive wars  and  final  invasions  by  the  barbarians. 
During  the  middle  ages,  the  all-powerful  church 
directcil  attention  to  theological  matters,  and  the 
study  of  science  was  discouraged  and  neglected.  In 
embryology,  a  few  scattered  observations  on  minor 
details  were  made  from  time  to  time  (by  Galen,  Fabri- 
cius  and  others),  but  the  teachings  of  Aristotle  on  this 
subject  remained  virtually  unchanged  and  unchal- 
lenged for  eighteen  or  nineteen  centuries,  down  to  the 
time  of  Harvey. 

DISCOVERIES     BY     HARVEY 

Even  Harvey  (1578-1657),  the  keen-minded  discov- 
erer of  the  circulation  of  the  blood  (1628),  frankly 
adhered  for  the  most  part  to  the  embryologic  doctrines 
of  Aristotle,  to  whom  he  refers  respectfully  as  the 
**Prince  of  Philosophers."  Nevertheless,  Harvey's 
work  "On  Generation"  (1651)  is  a  very  important 
contribution,  based  on  many  years  of  observation  and 
study,  especially  on  the  development  of  the  chick  and 
the  deer. 

In  the  chick,  Harvey  followed  the  formation  of  the 
ovarian  egg  and  the  development  of  the  chick  during 
incubation.  To  the  accounts  of  Aristotle  and  of  Fabri- 
ciiis  (Harvey's  teacher),  he  added  much  of  importance. 
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He  correctly  located  the  origin  of  the  embryo  in  the 
whitish  yolk-spot,  or  cicatricula.  In  the  center  of  this 
area,  he  noted  the  pulsating  heart  at  the  close  of  the 
third  day,  but  believed  that  the  blood  arose  still  earlier. 
He  concludes  that  "the  blood  is  the  generative  part, 
the  fountain  of  life,  the  first  to  live,  the  last  to  die,  and 
the  primary  seat  of  the  soul."  The  various  organs  were 
found  to  arise  successively  by  epigenesis,  as  noted  by 
Aristotle,  but  are  described  more  accurately  and  in 
greater  detail. 

In  one  respect  Harvey  diflfered  from  Aristotle,  and 
in  this  case  erroneously,  by  denying  an  actual  contact 
of  the  male  semen  with  the  egg  during  fertilization. 
Harvey  found  it  impossible  to  pass  a  probe  or  an 
injection  of  water  up  the  female  tract  in  either  birds  or 
mammals;  and  he  therefore  concluded  that  such  a 
passage  is  likewise  impossible  for  the  male  semen.  He 
was  thus  driven  to  the  assumption  of  a  fertilizing  action 
by  the  sperm  at  a  distance,  which  Fje  compared  with  the 
action  of  a  contagion,  or  of  a  magnet  on  iron. 

In  the  deer,  Harvey  had  unusual  opportunity  to  study 
the  process  of  reproduction  in  the  hunting  parks  of  his 
royal  patient,  King  Charles  I.  Harvey  corrected  Aris- 
totle's view  as  to  the  source  of  the  male  semen,  and 
traced  it  to  the  testis ;  but,  like  Aristotle,  he  failed  to 
locate  the  origin  of  the  mammalian  ovum  (which  was 
later  traced  to  the  ovary  by  De  Graaf).  Harvey  dis- 
proved the  doctrine  of  a  female  semen,  showing  by 
careful  dissections  in  the  deer  and  other  mammals  that 
nothing  of  the  kind  is  observed  in  the  female  either 
before  or  after  copulation.  He  found  the  (mamma- 
lian) ovum  first  apparent  in  the  uterus,  being  unable  to 
trace  any  connection  between  the  ovum  and  the  ovary 
or  the  male  spermatic  fluid. 

Thus,  on  account  of  the  inherent  difficulties  of  the 
subject,  which  baflled  him  despite  his  most  careful 
observations,  Harvey  fell  into  serious  errors.  Even  his 
greatest  generalization,  that  all  life  comes  from  the 
ovum  ("ex  ovo  omnia"),  is  imperfect  in  some  respects. 
In  mammals,  by  "ovum'-'  he  meant  the  intra-uterine  sac, 
within  which  the  embryo  (as  we  now  know)  is  already 
relatively  advanced  in  development.  And  in  lower 
forms  of  life  (insects,  etc.)  he  still  admitted  that  the 
ovum  may  arise  by  putrefaction  or  by  the  spontaneous 
generation  of  Aristotle.    He  also  had  an  erroneous  idea 


Digitized  by  VjOOQ IC 


concerning  the  nature  of  the  metamorphosis  of  the 
insect  in  the  "egg"  (cocoon). 

Yet  Harvey's  work  was  of  great  importance  in  the 
advancement  of  embryology.  He  was  able  to  trace  both 
the  earlier  and  the  later  development  of  the  higher 
animals  in  much  greater  detail  than  was  hitherto 
known,  not  only  in  the  chick  and  deer,  but  also  in  man. 
He  discerned  the  principal  features  of  development, 
month  by  month,  in  the  human  embryo  and  fetus.  Most 
important  of  all,  he  led  the  way  to  a  renewed  study  of 
embryology  by  direct  observation  and  experiment,  the 
only  road  by  which  the  truth  can  finally  be  reached. 

The  work  of  Harvey,  in  which  only  a  simple  magni- 
fying glass  was  used,  practically  terminates  what  may 
be  called  the  premicroscopic  period.  The  introduction 
of  the  compound  microscope,  even  the  very  imperfect 
instrument  of  the  seventeenth  century,  gave  an  indis- 
pensable means  and  a  great  stimulus  to  the  further 
investigation  of  embryology. 

PROGRESS      MADE     POSSIBLE     BY     THE     MICROSCOPE 

Malpighi  (1628-1694),  by  the  use  of  the  microscope, 
was  able  to  add  many  details  of  importance  to  the 
observed  process  of  development.  Although  a  better 
observer  than  Harvey,  Malpighi  nevertheless  made  one 
serious  error.  In  the  chick  he  found  the  embryo 
already  formed  in  the  unincubated  egg  (owing  to  the 
hot  weather  of  the  Italian  summer),  and  hence  he  pro- 
claimed the  doctrine  of  preformation  of  the  embryo, 
in  opposition  to  the  doctrine  of  epigenesis  previously 
taught  by  Aristotle  and  Harvey,  and  hitherto  univer- 
sally accepted. 

This  doctrine  of  preformation  (or  "evolution,"  as  it 
was  then  termed)  was  further  supported  by  the  obser- 
vations Of  Malpighi  (also  of  Swammerdam  and-others) 
which  revealed  an  unsuspected  complexity  of  structure 
in  the  insect  "eggs"  (cocoons)  and  larvae,  hitherto 
believed  to  be  virtually  unorganized.  Bonnet  taught 
that  the  embryo  preexists  in  the  egg  as  an  invisible 
network  of  minute  tubes,  through  which  the  heart 
pumps  blood,  furnishing  nutriment  to  fill  up  the  meshes 
of  the  net  during  the  process  of  development.  Haller 
and  others  during  the  eighteenth  century,  inspired  by 
the  philosophy  of  Leibnitz,  pushed  the  preformation 
theory  to  the  extreme  limit,  holding  that  nothing  is 
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really  formed  anew ;  that  the  ovum  contains  in  minia- 
ture not  only  the  adult  which  will  develop  from  the 
embryo,  but  also,  concentrically  encased,  similar  germs 
of  all  succeeding  generations.  Thus  it  was  seriously 
calculated  that  the  ovary  of  Eve  must  have  included 
200,000  million  minute  human  beings ! 

Another  amusing  corollary  of  this  theory,  illustrating 
also  the  theological  tendency  of  the  time,  was  furnished 
by  Vallisnieri.*  He  argued  that  the  parasitic  intestinal 
worms  (whose  life  history  was  then  unknown)  must 
likewise  have  been  preformed  within  the  human  body 
and  handed  down  from  the  first  man,  Adam.  It  was 
thought,  however,  that  they  were  probably  harmless 
imtil  after  the  sin  of  Adam ;  and  that  they  might  have 
been  transmitted  in  the  form  of  eggs  through  Adam's 
rib  in  the  creation  of  Eve,  thus  reaching  the  female. 

Another  phase  of  the  embryologic  problem  was 
initiated  by  the  discovery  of  the  spermatozoa,  first  seen 
under  the  microscope  by  a  medical  student,  Hamm 
(Hamen),  at  Leyden  about  1675.  He  pointed  them 
out  to  his  teacher,  Leeuwenhoek,  who  described  them 
and  claimed  that  they,  rather  than  the  egg,  represent 
the  real  source  of  the  embryo.  Then  arose  a  spirited 
controversy  between  the  "ovists*'  and  the  "animalcu- 
lists."  The  ovists  claimed  that  the  spermatozoa  are 
merely  parasitic  organisms  of  no  genetic  significance, 
while  the  animalcuHsts  urged  that  the  spermatozoa  rep- 
resent the  essential  elements  in  reproduction,  the  egg 
merely  furnishing  a  nest  or  nutriment.  Spallanzani 
proved  that  the  spermatozoa  are  indispensable,  since 
filtered  semen  was  found  to  be  impotent. 

Furthermore,  since  preformation  (or  predelineation) 
was  the  prevailing  doctrine,  some  investigators  (Dalen- 
patius,  Hartsoeker  and  others)  claimed  to  have 
observed  a  miniature  adult  ("homunculus")  in  the 
spermatozoon  under  the  microscope,  and  figures  were 
actually  published  of  such,  showing  the  head,  arms  and 
l^s.  The  climax  was  reached  by  Andry,'  whose  fanci- 
ful descriptions  included  a  small  trap-door  in  the  ovum, 
large  enough  to  admit  only  one  spermatozoon  of  the 
many  swarming  around  and  seeking  entrance.  Savage 
conflicts  were  said  to  occur  among  the  contesting  sper- 
matozoa; and  if  the  victor  had  been  injured,  by  the 
loss  of  a  limb,  for  example,  the  embryo  would  present 

3.  R4dl,  E.:  Geschichte  der  biologiccfaen  Tbcorien  seit  dem  Ende  des 
si«bzeliiit«n  Jahrhiinderts,  Leipzig,   1905-1909. 
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a  isimilar  defect,  resulting^  in  a  congenital  malforma- 
tion ! 

A  new  era  in  embnrology  arose  with  the  work  of 
C.  F.  Wolff  (1733-1794),  who  described  the  embryonic 
organs  of  the  chick  as  arising  from  leaflike  sheets, 
similar  to  those  of  embryonic  plants.  Wolff  revived 
the  epigenetic  theory  of  Aristotle  and  Harvey,  but  his 
.work  was  overshadowed  by  the  prevailing  preformation 
doctrines  of  the  eighteenth  century.  Only  later,  in  the 
early  part  of  the  nineteenth  century,  did  his  observa- 
tions receive  merited  attention,  when  they  were 
confirmed  by  Pander  and  especially  by  von  Baer,  by 
whom  they  were  extended  to  form  the  modem  germ- 
layer  theory. 

Von  Baer  (1792-1876),  who  discovered  the  mam- 
malian ovum  (1827),  is  generally  considered  the 
founder  of  modem  embryology.  The  subsequent 
establishment  of  the  cell  theory  and  its  application  to 
embryology  have  largely  revolutionized  our  ideas  of 
the  subject  and  have  extended  it  in  many  ways,  espe- 
cially in  its  relation  to  heredity  and  to  evolution.  While 
these  modern  phases  of  embryology  are  not  within  the 
scope  of  the  present  paper,  it  may  be  noted  that  some 
of  the  older  problems,  notably  the  question  of  pre- 
formation versus  epigenesis,  still  confront  us,  though 
in  a  somewhat  different  form.  That  the  regions  of  the 
future  organism  are  already  determined  while  the 
embryo  is  still  an  apparently  homogeneous  disk  was 
shown  by  His  (1874),  and  has  since  been  experi- 
mentally proved. 

The  earlier  process  of  fertilization  and  segmenta- 
tion has  been  worked  out  in  great  detail  for  various 
classes  of  animals,  though  not  as  yet  in  man.  The 
sperm  and  ovum  usually  show  no  trace  of  preformation 
in  the  original  sense  of  the  term,  although  the  polarity 
of  the  unfertilized  egg  in  many  cases  appears  to  deter- 
mine the  axis  of  the  future  embryo.  The  time  when 
definite  organ-forming  areas  can  be  recognized  varies 
in  different  species.  The  early  development  appears 
to  be  essentially  epigenetic,  probably  consisting  in  a 
definite  series  of  reactions  between  the  fertilized  ovum 
and  its  environment.  But  we  know  that  the  parental 
germ  plasm,  probably  the  chromosomes,  must  carry 
over  something  which  predetermines  the  future  organi- 
zation.   What  this  something  may  be,  we  do  not  yet 
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know.  Some  biologists  consider  the  problem  insoluble. 
But  others,  encouraged  by  the  increasing  knowledge  in 
the  fundamental  sciences  of  chemistry  and  physics,  and 
by  the  recent  rapid  progress  in  the  realm  of  experi- 
mental embryology,  are  hopeful  that  some  day  it  may 
be  possible  to  explain  the  riddle  of  embryology — how 
does  the  egg  produce  the  organishi  ? 
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THE  EFFECTS  OF  INANITION  IN  THE  YOUNG  UPON 

THE  ULTIMATE  SIZE  OF  THE  BODY  AND  OF  THE 

VARIOUS  ORGANS  IN  THE  ALBINO  RAT 

C.  M.  JACKSON  AND  C.  A.  STEWART 
In$iittUe  of  Anaiomy^  University  of  Minnesota 

FIVB  CHABTB 

The  question  as  to  the  effects  of  mabiutrition  during  infancy 
and  youth  upon  the  capacity  for  later  growth  is  of  especial 
interest  at  present,  on  account  of  the  prevalence  of  famine  in 
connection  with  the  world  war.  It  is  generally  believed  that 
early  starvation  may  result  in  permanently  stunting  the  later 
growth  of  the  body,  although  accurate  data  for  the  human 
species  are  lacking.  The  results  of  animal  experiments  on  this 
subject  are  somewhat  contradictory.  Aron  ('10,  '11,  '14) 
and  Briining  ('14)  found  that  severe  underfeeding  of  young 
dogs  and  rats  apparently  prevents  them  from  reaching  norm^ 
adult  size  upon  later  full  feeding.  On  the  other  hand,  Hatai 
('07)  and  Stewart  ('16)  obtained  complete  recovery  upon  re- 
feeding  rats  which  had  been  underfed  for  short  periods  beginning 
at  three  or  four  weeks  of  age.  Osborne  and  Mendel  ('14,  '15) 
also  found  no  suppression  of  growth  capacity  in  young  albino 
rats  whose  growth  had  been  retarded  for  long  periods  by  various 
inadequate  diets.  The  object  of  the  present  investigation  is 
to  determine  the  ultimate  effect  of  such  underfeeding  when 
begun  earlier  (in  the  new-bom)  or  when  prolonged  over  a  very 
extensive  period.  The  study  is  also  extended  to  include  the 
effects  upon  the  final  weights  of  the  various  component  parts, 
systems,  and  organs  of  the  body. 
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MATERIAL  AND  METHODS 

The  white  or  albino  rat  (Mus  norvegicus  albinus)  was  used 
in  the  experiments,  for  which  it  is  in  many  respects  well  adapted. 
It  is  hardy  and  thrives  in  captivity.  It  breeds  rapidly  (period 
of  gestation  three  weeks),  reaches  sexual  maturity  at  ten  weeks, 
and  adult  size  within  a  year.  The  normal  growth  rate  and 
variability  of  the  albino  rat  and  its  various  organs  have  also 
been  very  thoroughly  worked  out,  chiefly  by  Donaldson,  Hatai, 
Jackson,  and  Lowrey,  and  normal  growth  tables  by  Donaldson 
('15)  are  available  for  comparison.  Moreover,  the  effects  of  acute 
and  chronic  inanition  upon  the  weight  of  the  body  and  of  the 
various  organs  in  the  rat  at  different  periods  have  been  studied 
by  Jackson  ('15,  '15  a),  Stewart  ('16,  '18, '19),  and  Jackson 
and  Stewart  ('18,  '19).  The  data  available  from  these  studies 
make  possible  a  comprehensive  view  of  the  effects  of  inanition 
at  various  ages  and  the  rapidity  of  recovery  upon  refeeding  in 
an  organism  whose  normal  growth  rate  and  variability  are  well 
known.  The  lack  of  such  data  frequently  makes  it  impossible 
to  draw  trustworthy  conclusions  from  the  results  of  experi- 
mental work,  especially  when  the  observations  are  limited  in 
number. 

In  the  present  investigation,  thirty-eight  litters  of  albino 
rats  from  the  colony  in  The  Institute  of  Anatomy  were  used. 
About  half  of  the  rats  died  from  starvation  diu'ing  the  experi- 
ments and  are  excluded  from  consideration.  One  hundred  and 
thirteen  rats  survived,  including  35  male  and  35  female  test 
rats,  with  27  male  and  16  female  normal  controls.  In  general, 
test  rats  and  controls  were  available  from  each  litter,  as  shown 
by  the  data  in  table  1.  In  this  table,  the  letters  'St'  (Stewart) 
refer  to  the  series  to  which  the  rat  belonged,  the  number  pre- 
ceding the  decimal  point  indicates  the  litter,  and  the  number 
following  designates  the  individual.  The  final  letter  'm'  indi- 
cates male,  or  'f,'  female. 

As  further  shown  in  table  1,  the  experiments  may  be  divided 
into  (A)  those  in  which  the  preliminary  underfeeding  began  at 
birth,  and  (B)  those  beginning  at  three  weeks  of  age.    The  rats 
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in  division  A  were  underfed  by  removal  from  the  nursing  mother 
at  successive  intervals,  as  described  by  Stewart  ('18).  In 
eight  litters,  the  test  rats,  which  weighed  about  5  grams  at 
birth,  were  retarded  so  as  to  reach  only  about  10  or  12  grams 
(the  normal  being  20  to  25  grams)  at  three  weeks  of  age.  After 
this  they  were  fully  fed,  as  were  the  controls  throughout.  They 
received  (after  the  weaning  period)  an  abundant  diet  of  whole 
wheat  (Graham)  bread  soaked  in  whole  milk.  Water  from  the 
city  supply  (Mississippi  River)  was  given  ad  libitum  through* 
out.  In  one  litter  (no.  86)  the  underfeeding  was  similarly 
prolonged  from  birth  to  four  weeks  of  age,  in  three  litters  to 
six  weeks,  and  in  nine  litters  to  about  ten  weeks  (the  extreme 
for  this  group  being  eighty-three  days).  The  underfed  rats 
at  ten  weeks  (beginning  of  refeeding)  had  reached  only  about 
15  or  16  grams  in  body  weight,  the  normal  at  that  age  being 
over  100  grams. 

In  division  B,  the  underfeeding  did  not  begin  until  the  age 
of  three  weeks  (the  weaning  period),  at  a  body  weight  of  20  to 
25  grams.  In  one  litter  (no.  33)  the  tedt  rats  were  refed  at 
twenty  weeks  (138  days),  the  body  weights  then  being  33  to 
43  grams.  In  the  remaining  sixteen  litters,  the  underfeeding 
was  prolonged  to  nearly  a  year  of  age,  the  average  being  342 
days  (range  235  to  375  days).  The  body  weights  of  the  test 
rats  at  this  time  (beginning  of  refeeding)  averaged  about  60 
grains,  while  the  normal  controls^  had  reached  their  maximum 
adult  size  (about  200  grams  in  the  females  and  250  grams  in 
the  males). 

The  curves  of  the  average  body  weights  in  the  various  test 
and  control  groups  (sexes  separately)  are  shown  in  charts  1  to 
5.  The  composite  curves  w^re  constructed  from  the  average 
body  weights  for  the  individuals  of  each  group  at  corresponding 
ages,  excepting  in  the  refed  rats.  Since  the  test  rats  in  each 
gromp  were  not  all  refed  beginning  at  the  same  age,  the  average 
date  of  the  beginning  of  refeeding  in  each  group  was  taken  as 
the  starting  point  for  the  refed  animals,  and  their  body  weights . 
arranged  and  averaged  according  to  the  number  of  days  of 
refeeding  in  each  case. 
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The  rats  were  well  caxed  for  throughout  the  experiments^ 
bemg  kept  during  underfeedmg  m  a  warm  room  on  account 
of  unusual  susceptibility  to  cold  at  this  time.  They  were 
weighed  daily  at  the  beginning  of  the  underfeeding  and  the 
refeeding  periods^  the  time  of  weighing  being  later  extended  to 
intervals  of  several  days.  The  males  and  females  of  the  same 
litter  were  usually  not  separated,  and  the  number  of  littCTs 
bom  to  each  female  is  recorded  in  table  1.  While  no  care  was 
taken  to  keep  males  with  the  females  constantly  in  all  cases 
(and  hence  the  number  of  litters  is  not  the  ma.YiTnum  possible), 
it  may  be  stated  that  the  test  rats  had  at  least  as  good  an  oppor- 
tunity for  breeding  as  did  the  controls. 

At  the  end  of  the  experiments,  the  rats  either  died  or  were 
killed,  as  indicated  in  table  1.  Ih  forty-five  cases  (28  test  rats 
and  17  controls)  autopsies  were  performed,  and  the  weights 
of  the  various  parts,  systems  and  organs  recorded.  The  tech* 
nique  used  was  the  same  as  described  in  the  earlier  papers  by 
Jackson  and  Stewart.  In  this  series,  Stewart  was  responsible 
for  the  care  of  the  animals  and  the  performance  of  the  autopsies. 

The  data  for  the  organ  weights  (also  body  length  and  tail 
length)  are  given  in  table  2  under  four  groups:  those  refed  after 
underfeeding  from,  1)  birth  to  3  weeks;  2)  birth  to  10  weeks; 
3)  3  weeks  to  20  weeks  of  age,  and,  4)  3  weeks  to  nearly  a  year 
(average  342  days)  of  age.  The  controls  in  each  group  are  not 
all  from  the  same  litters  as  the  test  rats,  some  being  added 
(selected  from  the  other  groups)  to  make  the  average  body  weight 
of  the  controls  about  equal  to  that  of  the  corresponding  t^t 
rats  in  each  group.  In  the  fourth  group,  however,  controls 
were  not  available  so  low  in  body  weight  as  the  test  rats,  and  a 
diflferent  mode  of  comparison  wfts  used.  For  the  body  parts 
and  systems  of  this  group  data  from  Jackson  and  Lowrey  ('12) 
were  used  for  the  normal  in  rats  of  corresponding  body  weight. 
For  the  individual  organs,  the  control  rats  (four  males,  eight 
females)  from  the  corresponding  litters  were  used,  although 
they  were  much  heavier  than  the  test  rats.  Following  a  method 
suggested  by  Donaldson  ('15),  both  controls  and  test  rats  were 
compared  with  the  Wistar  norm  for  rats  of  the  same  body  weight 
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(rather  than  body  length),  and. the  percentage  difference  estab- 
lished for  each  organ.  The  algebraic  difference  between  these 
percentage  residts  for  the  control  and  the  test  rat  in  each  case 
is  taken  as  indicating  the  percentage  of  change  in  the  corre- 
sponding organ.  Therefore,  the  average  percentage  changes 
for  the  organs  in  the  fourth  column  in  table  1  are  calculated 
by  a  method  different  from  that  in  the  first  three  columns  of 
the  table,  where  the  absolute  data  for  test  rats  and  controls 
are  directly  compared.  In  making  the  comparisons  of  organs, 
the  very  slight  differences  in  body  weight  (not  exceeding  2  per 
cent)  between  test  rats  and  controls  in  each  group  were  ignored. 

For  economy  of  space,  only  the  average  data  are  given  in 
table  2.  The  sexes  were  at  first  grouped  separately,  but  were 
later  combined  in  all  cases  excepting  those  with  marked  sexual 
difference  in  weight  (hypophysis,  suprarenals,  and  gonads). 
The  individual  data  will  be  filed  later  in  The  Wistar  Institute 
of  Anatomy,  Philadelphia,  where  they  may  be  obtained  if  desired. 

On  account  of  the  relatively  small  number  of  observations, 
it  is  evident  that  the  results  for  the  various  organs  may  be 
influenced  by  individual  variation  and  experiment^  error,  hence 
they  are  not  to  be  considered  final.  Where  the  changes  are 
marked  and  constant,  however,  they  indicate  the  result  with  a 
considerable  degree  of  probability;  and  vice  versa,  when  the 
tests  and  controls  differ  but  slightly,  we  may  assume  it  as  prob- 
a^ble  that  the  earlier  inanition  has  had  no  marked  effect  upon 
the  relative  or  proportional  size  of  the  organ  at  the  end  of  the 
receding  period. 

EFFECTS  ON  BODY  WEIGHT 

The  effects  of  the  underfeeding  and  subsequent  refeeding 
upon  the  body  weight  in  the  various  groups  are  shown  by  the 
curves  in  charts  1  to  5.  Chart  1  shows  the  composite  curves 
for  the  eight  litters  underfed  from  birth  to  three  weeks  of  age, 
including  11  test  males,  12  test  females,  6  control  males  and  4 
control  females.  The  normal  difference  in  weight  according 
to  sex  is  evident.  The  sudden  rise  in  the  curves  for  the  con- 
trols at  about  300  days  of  age  is  due  to  the  death  of  individuals 
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with  abnormally  low  body  weights,  causing  previous  depres- 
sion of  the  curves.  Although  in  five  of  the  twenty-three  test 
rats  (table  1)  the  maximiun  body  weight  reached  or  exceeded 
slightly  that  of  the  controls  of  the  same  sex  in  the  same  litter, 
the  average  for  the  test  rats  for  each  sex  remains  definitely 
below  that  of  the  controls. 

The  curves  ,of  body  weight  for  the  rats  refed  after  under- 
feeding from  birth  to  six  weeks  of  age  are  shown  in  chart  2. 
This  is  a  small  group,  the  males  including  1  test  and  1  control 
rat  from  litter  St.  61,  the  females  including  2  test  and  2  control 
rats  from  litters  52  and  71  (table  1).  Although  the  normal 
maximiun  body  weight  was  not  reached  by  either  male  or  female 
controls  (in  the  former,  on  accoimt  of  a  wounded  foot),  they 
remain  at  all  times  above  the  test  rats  of  corresponding  sex, 
as  shown  by  the  chart  and  by  table  1. 

In  chart  3  are  shown  the  curves  of  b6dy  weight  for  the  rats 
refed  after  underfeeding  from  birth  to  about  ten  weeks  (average 
72  days)  of  age.  They  include  nine  litters,  with  10  test  males, 
9  test  females,  8  control  males,  and  3  control  females  (table  1). 
The  sudden  rise  in  the  curve  for  control  males  at  490  days  is 
not  due  to  an  actual  increase  in  body  weight,  but  to  the  sur- 
vival of  a  single  rat  of  unusually  large  size.  Similarly  in  the 
test  females,  the  continued  rise  in  body  weight  after  340  days  is 
due  partly  to  the  elimination  of  one  rat  (St.  111.8)  which  was 
very  low  in  final  weight,  and  to  the  survival  of  an  unusually 
large  test  rat  (St.  111.4).  The  final  gross  body  weight  of  the 
latter  (212  grams)  was  1  gram  above  that  of  the  siurviving  con- 
trol (St.  111.5).  In  no  other  case  did  the  maximum  body 
weight  of  a  test  rat  in  this  group  reach  that  for  the  control  of 
the  same  sex  in  the  same  litter.  Even  in  this  case,  the  net  body 
weight  (gross  weight  minus  intestinal  contents)  of  the  test  rat 
was  191  grams,  while  that  of  the  control  was  198  grams.  Both 
were  pregnant  when  killed.  Except  at  this  point,  the  average 
body  weights  for  the  test  animals,  as  shown  by  the  chart  and 
by  table  1,  remain  definitely  below  those  for  the  controls  of  the 
same  sex. 
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Chart  4  represents  the  individual  curves  of  body  weight  for 
five  albino  rats  from  litter  S33,  refed  after  underfeeding  begin- 
ning at  three  weeks  and  extending  up  to  twenty  weeks  (138 
days)  of  age.    The  test  rats  included  2  males  and  1  female, 
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with  1  male  and  1  female  full-fed  control  (table  1).  'L'  indi- 
cates the  birth  of  a  litter  by  the  female  control.  While  the 
test  rats  grew  rapidly  for  awhile  after  refeeding,  the  growth 
soon  ceased  and  their  permanent  depression  in  body  weight,  in 
comparison  with  that  of  the  controls,  is  obvious. 
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TABLE  1 

Individual  data  far  the  gro88  body  weight  of  normal  controls  and  test  rats  refed  after 

underfeeding  for  various  periods 


BAT  XnTMBIR 
AND  8BX 


Ace 


Weicht 


Wdcht 


Ace 


•  ■■  AUTOPSY 


A.  Rats  underfed  from  birth,  and  normal  controls 


iavs 

grams 

frams 

gronu 

daifs 

St  134.1m 

(Control) 

236 

226 

288 

Died 

St  134.3  m 

21 

10.3 

193 

159 

330 

Died 

St  134.5  f 

21 

10.6 

151 

141 

396 

♦Killed 

0 

St  134.6  f 

21 

10.7 

174 

167 

452 

♦Killed 

0 

St  122.2  m 

(Control) 

345 

337 

380 

♦Killed 

St  122.8  m 

22 

10.8 

230 

224 

409 

♦Killed 

St  122.6  f 

(Control) 

248 

231 

422 

♦Killed 

3 

St  122.1  f 

22 

10.5 

208 

186 

422 

♦Killed 

3 

St   49.1m 

(Control) 

273 

239 

270 

(?) 

St   49.2  m 

22 

11.0 

180 

179 

270 

Died? 

St   49.3  m 

22 

11.6 

176 

173 

270 

Died? 

St   49.4  f 

22 

13.0 

180 

125 

216 

Died 

2 

St   70.5  m 

(Control) 

188 

133 

321 

Died 

St   70.1m 

22 

11.5 

186 

170 

302 

Died 

St   70.2  m 

22 

11.3 

202 

174 

356 

Died? 

St   70.3  f 

(Control) 

208 

190 

440 

Alive 

2 

St   70.4  f 

22 

12.5 

201 

158 

440 

Died 

2 

St  125.4  f 

(Control) 

173 

156 

323 

Died? 

0 

St  125.2  f 

22 

9.8 

167 

165 

323 

Died? 

0 

St  125.5  f 

22 

9.0 

173 

168 

488 

Died 

0 

St  140.7  m 

(Control) 

244 

244 

147 

Died 

St  140.8  m 

21 

9.0 

218 

207 

388 

Died 

St  140.3  f 

(Control) 

177 

173 

325 

Died 

1 

St  140.1  f. 

21 

10.0 

192 

176 

458 

AHve 

0 

St  140.5  f 

21 

9.5 

201 

181 

458 

Alive 

1 

St  148.3  m 

(Control) 

287 

264 

423 

AUve 

St  148.1m 

21 

9.2 

130 

130 

197 

Died 

St  148.7  m 

21 

9.5 

269 

243 

423 

Alive 

St  148.8  m 

21 

9.9 

252 

222 

423 

AUve 

St  152.6  m 

21 

9.1 

177 

177 

184 

Died 

St  152.2  f 

21 

10.2 

185 

156 

400 

Alive 

1 

St  152.5  f 

21 

10.5 

187 

160 

400 

Alive 

0 

St  152.8  f 

21 

10.5 

166 

166 

184 

Died 

1 

St   86.5  m 

(Control) 

298 

215 

446 

Died 

St   86.2  m 

28 

13.0 

206 

184 

549 

♦Killed 

St   61.5  m 

(Control) 

223 

154 

314 

Died? 

St   61.3  m 

42 

12.2 

160 

113 

341 

Died? 

St   71.7  f 

(Control) 

175 

175 

369 

Alive 

2 

St    71.2  f 

42 

13.2 

158 

153 

369 

Died 

0 
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TABLE  1— CotUmtMrf 

BATNXTMBUI 

BWIDAX 

UAxnftrM 

WBZOBT 

TBBMnnm 

'■■ATJTOnT 

iruiiBu 

OVFBMH 

▲IfDBaX 

Ate 

Weight 

Weight 

Age 

MAirciaB 

A.  Rats  underfed  from  birth,  and  normal  controls 


iays 

9rams 

Vrams 

§rams 

i^s 

St   62.7  f 

(Control) 

160 

152 

345 

♦Killed 

0 

St   52.4  f 

42 

12.2 

140 

130 

345 

•KiUed 

0 

St  146.7  m 

(Control) 

295 

220 

340 

Died 

St  146.5  m 

60 

16.0 

205 

172 

408 

Alive 

St  146.6  m 

60 

16.0 

251 

203 

441 

Alive 

St  145.2  m 

(Control) 

251 

246 

410 

Died 

St  154.4  f 

61 

16.8 

174 

167 

410 

•Killed 

1 

St  145.5  f 

61 

16.0 

188 

183 

410 

•Killed 

1 

St   76.6  m 

(Control) 

280 

251 

357 

Alive 

St   76.8  m 

(Control) 

310 

260 

357 

Alive 

St   76.6  m 

70 

15.6 

171 

142 

.  357 

Alive 

St   76.9  f 

(Control) 

238 

234 

357 

Alive 

4 

St   76.10  f 

70 

17.0 

152 

140 

357 

Alive 

0 

St   73.6  m 

(Control) 

187 

187 

180 

Alive 

St   73.7  m 

70 

12.7 

103 

103 

153 

Died 

St    73.2  f 

70 

16.5 

87 

87 

153 

Died? 

0 

St    65.6  m 

(Control) 

217 

167 

291 

Died 

St   65.4  m 

70 

14.9 

158 

135 

500 

Died 

St    65.9  m 

70 

14.9 

138 

138 

186 

Died 

St    65.10  f 

(Control) 

196 

196 

174 

Died 

0 

St   65.2  f 

70 

15.0 

117 

117 

186 

Died 

0 

St  138.6  m 

(Control) 

283 

223 

390 

Alive 

St  138.1m 

70 

15.6 

208 

149 

357 

Died 

St  111.3  m 

(Control) 

247 

115 

448 

Died 

St  111.9  m 

69 

16.0 

243 

236 

536 
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69 

15.5 

182 
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321 

(?). 

St  111.5  f 
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211 

211 

465 

•Killed 

4 

St  111.8  f 

69 

16.0 

181 

149 

351 

Died? 

3 

St  111.4  f 

69 

13.8 

212 
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465 

•Killed 

4 
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17.0 

136 
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326 
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0 

St  173.3  f 

80 

16.0 

126 

120 
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0 

St  180.5  m 

83 

16.5 
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315 

Alive 

B.  Rats  underfed  from  age  of  three  weeks, 

and  normal  controls 

S     33.7  m 

(Control) 

316 

307 

346 

•Killed 

S     33.9  m 

138 

43.0 

236 

191 

335 

•Died 

S     33.8  m 

138 

38.5 

233 

229 

346 

•Killed 

S     33.6  f 

(Control) 

233 

194 

339 

•(?) 

1 

S     33.0  f. 

138 

32.5 

162 

162 

339 

•(?) 

0 

S     16.0  m 

(Control) 

243 

176 

281 

♦Died? 

S     16.1m 

255 

53.0 

119 

94 

368 

Died 
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In  chart  5,  the  average  body  weight  curves  are  shown  for  the 
albmo  rats  refed  after  underfeeding  from  three  weeks  up  to 
nearly  a  year  (average  342  days)  of  age.  Rats  from  sixteen 
litters  are  included,  with  10  test  males,  11  test  females,  10  con- 
trol males,  and  6  control  females.  In  no  case  did  the  maximum 
body  weight  of  an  individual  test  rat  approach  that  of  the 
corresponding  control  of  the  same  litter  and  sex  (table  1).  As 
shown  by  the  curves,  the  underfed  rats  grew  rapidly  for  a  time 
after  refeeding,  but  were  permanently  stunted  and  unable  to 
attain  the  normal  adult  body  weight,  although  amply  refed 
imtil  growth  had  ceased. 

While  there  is  clearly  a  permanent  stunting  in  the  body  weight 
of  the  rats  as  a  residt  of  the  earlier  period  of  underfeeding,  it  is 
difficult  to  measure  the  amoimt  of  depression  on  account  of 
irregularities  in  the  various  curves,  as  shown  in  charts  1  to  5. 
Measiured  roughly,  however,  it  may  be  said  that  the  shortage 
in  ultimate  body  weight  in  the  test  rats  varies  from  about  10 
per  cent  in  chart  1  to  about  35  per  cent  in  chart  5.  We  may 
consider  the  dwarfing  effect  of  inanition  in  general  as  varying 
according  to,  1)  the  length  of  the  underfeeding  period;  2)  the 
age  at  which  the  inanition  occurs;  3)  the  sex;  4)  the  severity, 
and,  5)  the  character  of  the  inanition. 

As  to  the  length  of  the  inanition,  it  is  found,  as  might  be 
expected,  that  in  general  the  longer  the  period  of  starvation  in 
the  young  animal,  the  more  marked  is  the  depression  in  ultimate 
body  weight.  This  is  not  so  clear  in  charts  1,  2,  and  3,  as  in 
charts  4  and  5.  The  curves  of  Stewart  ('16)  show  complete 
recovery  of  rats  fully  refed  after  a  period  of  maintenance  (at 
constant  body  weight)  by  underfeeding  beginning  at  three 
weeks  and  extending  up  to  four,  six,  or  ten  weeks  of  age.  (The 
males  at  ten  weeks  formed  an  exception,  which  will  be  con- 
sidered later).  The  present  experiments  show  that  if  the  imder- 
feeding  beginning  in  rats  at  the  same  age  (three  weeks)  is  ex- 
tended up  to  twenty  weeks,  even  allowing  a  moderate  increase 
in  the  body  weight,  there  is  a  marked  permanent  depression 
of  the  ultimate  body  weight,  as  shown  in  chart  4.  If  the  under- 
feeding is  prolonged  to  nearly  a  year,  the  effect  is  still  greater, 
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the  ultimate  body  weight  of  the  ref ed  survivors  being  more  than 
one-third  below  that  of  the  normal  controls. 

This  result  is  in  general  agreement  with  Aron  ('14),  who 
found  that  if  the  underfeeding  of  young  rats  is  prolonged  beyond 
50  to  150  days,  the  rats  upon  full  refeeding  fail  to  reach  their 
normal  size  and  weight,  thus  remaining  permanently  stunted 
or  dwarfed*  Aron  therefore  concluded  that  full  recovery  upon 
refeeding  is  possible  only  when  the  retardation  of  the  growth 
has  not  extended  beyond  the  time  of  the  normal  active  growth 
period. 

Briining  ('14)  found  that  young  nursing  rats  underfed  by 
removal  from  the  mother  for  successive  periods  are  greatly 
retarded  in  later  growth.  The  normal  body  weight  was  not 
fully  recovered  upon  subsequent  full  feeding,  but  the  experi- 
ment was  not  continued  long  enough  to  determine  whether  the 
effect  was  permanent. 

Hatai  (W),  however,  observed  complete  recovery  of  normal 
body  weight  on  refeeding  after  partial  starvation  (starch  diet) 
for  three  weeks  in  rats  one  mdnth  old.  Stewart  ('16)  also 
obtained  similar  results  in  rats  ref  ed  after  maintenance  (constant 
body  weight)  by  underfeeding  from  three  to  ten  weeks  of  age. 

Osborne  and  Mendel  ('14,  '15),  in  an  extensive  series  of  experi- 
ments upon  the  growth  of  rats  with  various  inadequate  protein 
diets,  likewise  found  a  remarkable  capacity  for  full  recovery  of 
body  weight  upon  proper  refeeding,  even  after  growth  has 
been  suppressed  for  periods  of  time  (up  to  558  days)  far  beyond 
the  normal  growth  period.  They  claim  that  the  capacity  to 
resume  growth  does  not  depend  upon  the  size  or  age  at  which 
the  inhibition  of  growth  is  effected,  and  state  that:  ''It  is  now 
reasonable  to  ask  whether  the  capacity  to  grow  can  ever  be  lost 
unless  it  is  exercised."  A  considerable  number  of  cases,  with 
growth  curves,  are  presented  to  support  this  conclusion.  These 
are  chiefly  rats  in  which  growth  was  retarded  by  qualitatively 
deficient  (inadequate  protein)  diets,  which  will  be  discussed 
later.  In  one  case,  however,  a  female  rat  in  which  growth 
was  repressed  by  'limited  quantity  of  food'  (no  further  details 
given),  the  body  weight  of  53  grams  at  39  days  of  age  reached 
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only  59  grains  at  513  days.  Rapid  growth  ensued  upon  full 
refeeding;  the  body  weight  reaching  220  grains,  which  is  above 
the  normal  maximum,  in  about  130  days.  Unfortunately,  no 
direct  controls  from  the  same  litters  were  kept  in  the  experiments 
of  Osborne  and  Mendel.  They  admit  that  ' 'resumption  of 
growth  has  not  been  as  perfect  in  every  case  as  in  the  typical 
records  here  presented,"  but  the  positive  results  are  considered 
more  valuable,  since  failure  may  be  due  to  various  causes. 
Their  results  will  be  referred  to  again  later. 

As  to  the  variation  in  the  effect  of  inanition  according  to  the 
age  of  the  animal,  it  is  evident  from  charts  1  and  2  that  under- 
feeding beginning  at  birth  produces  permanent  stimting,  whereas 
Stewart  ('16)  found  that  an  equal  (or  greater)  degree  of  under- 
feeding for  similar  periods  beginning  at  three  weeks  of  age  is 
followed  by  complete  recovery  of  body  weight  upon  later  full 
refeeding.  As  previously  mentioned,  Briining  likewise  appar- 
ently obtained  a  permanent  retardation  of  growth  of  mu'sing 
rats.  It  is  not  strange  to  find  that  a  permanent  stunting  is 
more  readily  obtained  in  younger  animals  (probably  likewise 
in  the  human  species),  when  the  normal  growth  process  is  most 
active  and  the  organism  in  general  is  less  resistant  to  starva- 
tion. The  greater  power  of  recuperation  found  by  Osborne  and 
Mendel  is  probably  due  in  part  to  the  fact  that  their  rats  were 
underfed  beginning  usually  at  five  weeks  or  more  of  age,  at 
which  time  their  resistance  to  inanition  is  greater. 

In  this  connection  it  is  of  interest  to  note  that  both  Dunn 
('08)  and  King  ('16)  found  that  rats  greatly  undersized  at  birth^ 
although  they  may  grow  vigorously  for  a  time,  usually  fail  to 
reach  the  normal  adult  size.  In  these  cases,  Eang  assumes 
that  "The  normal  action  of  growth  factors  is  inhibited  from  the 
very  beginning  of  postnatal  life  by  unknown  constitutional 
causes,  not  by  environmental  conditions."  It  seems  to  be  quite 
possible  that  in  such  cases  the  small  size  at  birth  may  be  due 
to  prenatal  malnutrition,  which  might  be  expected  to  exert  a 
more  detrimental  effect  during  the  earlier  stages  of  the 
organism. 


Digitized  by  VjOOQ IC 


XJIiTIMATB  EFFECTS  OF  INANITION  ON  SIZE 


111 


As  to  sex,  it  appears  from  the  present  experiments  that  in  gen- 
eral the  depression  in  permanent  body  weight  by  early  inanition 
is  relatively  greater  in  the  males  than  in  the  females.  This  is 
evident  in  all  the  charts,  1  to  5.  It  is  also  in  agreement  with 
the  observation  by  Stewart  ('16),  who  found  that  in  rats  held  at 
maintenance  by  underfeeding  from  three  to  ten  weeks  of  age, 
the  females  made  full  recovery  upon  refeeding,  while  the  males 
apparently  did  not.  On  the  other  hand,  there  is  no  evidence  to 
indicate  that  the  mortality  is  markedly  greater  among  the  males 
during  the  inanition  period,  since  the  survivors  of  the  experi- 
ments are  about  equally  distributed  according  to  sex. 

Since  the  ultimate  body  weight  is  affected  by  the  bearing  of 
yoimg  (Watson,  '06),  this  factor  must  be  considered.  The  preg- 
nancies occurring  in  each  group  of  the  present  series  are  given  in 
the  following  table: 


bxpbrimkut 

TEST  rXMAI.S8 

CONTROL  FSUAUa 

Ref ed  after  underfeeding  from 

Number 
of  rats 

Number 
precnant 

Total 
number 
ofprer- 

Number 
of  rats 

Number 
precnant 

Total 
number  of 

Birth  to  3  weeks 

12 
2 
0 

1 
11 

6 
0 
4 
0 
1 

10 
0 
9 
0 
2 

4 
2 
3 

1 
6 

3 
1 
2 
1 
6  . 

6 

Birth  to  6  weeks 

2 

3  to  10  weeks 

8 

3  to  20  weeks 

1 

3  weeks  to  1  year 

16 

Total 

35 

11 

21 

16 

13 

32 

It  is  evident  from  the  table  that  although  opportunity  for 
breeding  was  equally  good  in  the  test  rats,  their  reproductive 
capacity  was  very  decidedly  reduced.  This  is  especially  strik- 
ing in  the  last  two  groups,  where  only  one  of  the  twelve  test 
females  became  pregnant  at  all;  whereas  all  of  the  seven  control 
females  became  pregnant,  bearing  a  total  of  sixteen  litters. 

Watson  ('05)  found  that  the  body  weight  of  female  albino 
rats  bearing  young  (three  litters)  averages  about  9  per  cent  greater 
than  in  unmated  female  controls.  This  agrees  closely  with  the 
results  of  Minot  ('91)  for  guinea-pigs.  This  might  be  sufficient 
to  account  for  the  difference  between  the  test  and  the  control 
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females  in  charts  1,  2,  and  3,  if  all  the  controls  had  borne  young 
and  all  the  test  rats  were  virgins.  As  shown  in  the  table  above, 
however,  this  was  not  the  case,  although  pregnancies  were  con- 
siderably more  frequent  in  the  control  rats.  In  the  rats  which 
had  undergone  prolonged  inanition  (charts  4  and  5),  pregnancy 
occurred  very  rarely,  as  above  shown,  but  in  these  the  excess 
weight  of  the  control  is  far  greater  than  could  be  explained  by 
their  bearing  of  young.  It  is  evident,  however,  that  if  the  fe- 
male control  rats  had  borne  no  young  their  weight  would  have 
been  slightly  less  and  therefore  somewhat  nearer  to  that  of  the 
test  rats.  The  contrast  between  the  results  in  male  and  female 
emphasizes  the  difference  between  the  sexes  in  their  depression 
of  ultimate  body  weight  as  a  result  of  an  early  period  of 
underfeeding. 

The  question  as  to  whether  the  dwarfing  of  the  body  produced 
by  inanition  could  be  transmitted  by  heredity  (in  the  few  cases 
where  reproduction  occurs)  is  of  considerable  interest.  In  the 
present  series,  however,  records  are  available  only  in  the  case  of 
the  one  female  (St.  41.4)  which  bore  young  after  the  long  under- 
feeding period  (3  weeks  to  310  days).  This  extreme  case  might 
be  expected  to  show  such  an  effect  if  any  were  possible.  This 
female  reached  a  maximum  of  only  138  grams  in  bodyweight. 
Mated  with  a  normal  male  (of  the  same  litter),  she  bore  two  lit- 
ters. One  of  these,  litter  no.  133a,  was  kept  under  observation. 
The  litter  included  four  males  and  two  females,  of  normal  size 
at  birth.  One  male  died  early;  the  others  reached  adult  maxi- 
mum body  weight  of  215,  226,  and  244  grams.  The  two  females 
reached  maximum  of  174  grams  and  204  grams,  both  being  preg- 
nant at  the  time.  Thus  they  were  slightly  below  the  normal 
maximum  weight,  and  each  bore  only  one  litter,  but  this  is  not 
unusual  even  among  the  control  rats  (table  1).  The  two  fe- 
males and  one  male  were  alive  and  apparently  normal  at  fourteen 
months  of  age.  The  results  therefore  do  not  indicate  the  trans- 
mission of  any  marked  hereditary  effect  of  inanition,  though 
further  observations  would  be  necessary  to  establish  any  definite 
conclusion  on  this  point.  The  result  might  of  course  be  slight, 
but  cmnulative  in  successive  generations. 
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There  is  also  unquestionably  a  diflference  in  the  effect  of  under- 
feeding upon  the  ultimate  growth  of  the  body,  depending  upon 
the  severity  of  the  inanition.  As  is  well  known,  short  periods  of 
inanition,  even  sufficiently  severe  to  repress  growth  temporarily, 
do  not  prevent  the  attainment  of  full  adult  size  on  subsequent 
refeeding  (Hatai,  '07;  Stewart,  '16).  The  favorable  results  ob- 
tained by  Osborne  and  Mendel  ('14,  '15,  '17)  upon  refeeding 
after  longer  periods  of  inanition  may  be  due  in  part  to  the  fact 
that  in  most  cases  their  rats  were  not  only  older  at  the  beginning 
of  the  experiment,  but  were  allowed  to  increase  during  the  ex- 
periment to  a  body  weight  considerably  greater.  That  is,  the 
inanition  was  somewhat  less  severe  than  in  our  present  series. 
This  perhaps  also  accounts  for  the  fact  that  Osborne,  Mendel 
and  Ferry  ('17)  found  no  decrease  of  reproductive  capacity  in 
their  female  rats  when  amply  refed  after  an  extensive  earUer 
period  of  stunting. 

It  should  be  emphasized  that  the  present  experiments  repre- 
sent very  extreme  degrees  of  underfeeding,  at  which  even  with 
the  greatest  care  many  of  the  rats  perish  from  inanition.  Thus 
the  rats  underfed  from  birth  so  as  to  restrict  their  body  weight 
to  15  or  16  grams  at  ten  weeks  would  be  roughly  comparable  to 
children  about  twelve  years  of  age  so  stunted  by  underfeeding 
from  birth  as  to  reach  a  body  weight  of  about  20  pounds,  nor- 
mally reached  at  one  year.  Similarly,  a  rat  underfed  from  three 
weeks  to  nearly  a  year  (340  days)  of  age  at  about  60  grams  body 
weight  would  correspond  roughly  to  a  hiunan  of  adult  age  dwarfed 
by  underfeeding  from  infancy  so  that  the  body  weight  would  not 
exceed  that  of  a  normal  child  below  the  age  of  puberty. 

Finally,  there  is  doubtless  a  diflference  in  the  effect  according 
to  the  character  of  the  inanition,  particularly  in  inanition  due  to 
qualitative  deficiencies  in  the  diet.  Aron  ('14)  found  that  a 
protein-poor  diet  appeared  to  afifect  more  unfavorably  the  sub- 
sequent growth  of  rats  upon  later  refeeding  than  did  a  corre- 
sponding degree  of  underfeeding  with  restricted  amounts  of  a 
normal  diet.  On  the  contrary,  as  previously  mentioned,  Os- 
borne and  Mendel  ('14,  '15)  obtained  complete  recovery  of  body 
w^eight  upon  proper  refeeding  of  albino  rats  in  which  growth  had 
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been  almost  completely  suppressed  for  long  periods  by  various 
inadequate  protein  diets.  It  is  quite  possible  that  such  diets 
fed  in  abundant  amounts  may  have  less  injurious  effects  upon 
subsequent  growth  capacity  than  does  the  feeding  of  restricted 
amounts  of  a  balanced  ration.  Mendel  ('14)  has  especially  em- 
phasized the  difference  between  their  experiments,  in  which  the 
diet  was  ample  in  calories,  and  those  of  simple  underfeeding  with 
restricted  amounts  of  a  balanced  diet.  The  relation  of  inanition 
to  other  factors  producing  abnormalities  of  growth  is  discussed 
by  Mendel  C17). 

It  is  also  possible,  however,  that  the  very  surprising  results 
of  Osborne  and  Mendel  may  be  in  part  explained  in  another 
way.  It  is  known  that  individual  rats  (and  perhaps  individual 
strains)  may  vary  greatly  in  their  resistance  to  inanition  and  in 
capacity  for  recuperation.  In  the  experiments  of  Osborne  and 
Mendel,  it  appears  that  some  individuals  are  able  to  maintain 
their  capacity  for  growth  under  condition?  which  would  probably 
in  most  cases  produce  a  permanent  stunting  or  dwarfing  of  the 
body.  To  what  extent  this  may  be  true  in  their  experiments  is 
uncertain,  since  they  do  not  state  the  total  nimiber  of  animals 
under  experiment,  from  which  the  successful  cases  were  selected. 

In  our  experience,  as  above  stated,  a  large  percentage  of  the 
animals  die  during  the  course  of  the  severe  underfeeding  experi- 
ments, either  directly  from  inanition  or  indirectly  through  low- 
ered resistance  to  disease.  Practically  all  of  the  survivors  appear 
permanently  stunted  in  their  ultimate  capacity  for  growth,  al- 
though many  of  them  upon  autopsy  reveal  no  evident  disease. 
Accordingly,  there  seems  no  escape  from  the  conclusion  that 
while  a  considerable  degree  of  inanition  during  growth  may 
be  followed  by  prompt  and  complete  recovery  upon  ample 
ref ceding,  more  severe  and  prolonged  underfeeding,  especially  in 
the  very  young,  reduces  materially  their  capacity  for  subsequent 
growth  and  usually  results  in  permanently  dwarfed  individuals. 
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BODY  LENGTH  AND  TAIL  LENGTH 

The  observations  of  Stewart  (48)  indicate  that  at  the  end  of 
the  underfeeding  period  in  young  rats  there  is  a  relative  elonga- 
tion of  the  body  (nose-anus)  length,  as  compared  with  that  in 
normal  controls  of  the  same  body  weight,  amounting  to  an  aver- 
age of  about  6  per  cent  in  those  underfed  from  birth  to  ten  weeks, 
and  about  the  same  in  those  underfed  for  long  periods  beginning 
at  three  weeks  of  age.  Jackson  and  Stewart  ('19)  have  shown 
that  in  the  case  of  the  rats  underfed  from  birth,  the  body  length  is 
still  above  normal  on  full  ref eeding  to  a  body  weight  of  25  grams, 
but  about  normal  in  those  refed  to  50  or  75  grams.  The  present 
data  (table  2)  show  the  body  length  slightly  subnormal  (4.5  to 
5.5  per  cent)  in  such  rats  when  refed  for  longer  periods  to  maxi- 
mum body  weight.  This  means  that  in  the  test  rats  the  body  is 
relatively  slightly  plumper  than  in  the  controls.  In  the  group 
refed  after  the  longest  period  of  underfeeding,  however,  as  shown 
in  the  fourth  coltunn  of  table  2,  there  is  practically  no  difference 
in  body  length  between  test  rats  and  controls.  It  is  therefore 
apparent  that  in  any  case  no  trace  of  emaciation  remains  in  the 
underfed  rats  after  refeeding  to  their  maximum  body  weight. 

The  tail  length  in  the  rats  underfed  from  birth  increases  even 
more  than  the  body  length  (Stewart,  '18),  so  the  rats  are  rela- 
tively long-tailed  at  the  end  of  the  underfeeding  period.  On 
ample  refeeding  of  such  rats  to  a  body  weight  of  25  to  75  grams, 
Jackson  and  Stewart  ('19)  find  the  ratio  of  tail  length  to  body 
length  nearly  normal.  The  present  data  (table  2),  however,  in- 
dicates that  in  such  rats,  as  well  as  those  starved  for  longer 
periods,  on  amply  refeeding  to  maximum  body  weight  the  tail 
becomes  relatively  somewhat  short,  averaging  4  to  8  per  cent 
shorter  than  in  the  normal  controls  of  the  various  groups.  There 
is  a  slight  sexual  difference  in  tail  length  (that  of  the  female  being 
relatively  sUghtly  longer),  but  since  the  difference  between  test 
and  control  rats  appeared  nearly  equal  in  each  sex,  the  sexes  are 
combined  in  the  table. 
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TABIiB2 
Average  data  for  the  porta,  eyetems,  and  organs  in  the  groupe  of  dOnno  rata  fuUy 
refed  to  permanent  size  (aduU)  after  tmderfeeding  for  various  periods.    Per- 
centage differences  (+  or  »)  between  the  data  for  test  rats  and  for  normal  controls 
of  similar  body  weight  are  indicated  in  parenihsaes.    See  note  on  the  fourth  group 


No.  of  test  rata. . . 

No.  of  oontrols . . . 

Age  of  test  rats. . . 

Body  weight,  g.  .. 

Body  length,  nun. . 

Tail  length,  mm... 

Head,g 

Fore  limbs,  g 

Hind  limbs,  g 

Trunk,  g 

Integument,  g.  ... 

Skeleton,  lig.,  g    . 

Skeleton,  cart.,  g.. 

Musculature,  g . . . 

Visceral  group,  g. 

'Remainder,'  g 

Brain,  g 

Spinal  cord,  g.  . . . 

Eyeballs,  g 

Thyroid,  g 

Thymus,  g 

Hypophysis,  m.,g. 

Hypophysis,  f.,  g.. 

Pineal  body,  g 

Heart,  g 

Lungs,  g... 

Liver,  g 

Spleen,  g 

Kidneys,  g 

Stomach— intes- 
tines with  con- 
tents, g 

St.-Int.,  empty,  g. 

Suprarenals,  m.,  g. 

Suprarenals,  f.,  g.. 

Ovaries,  g 

Testes,  g 

Epididjrmides,  g... 


UMDSSFSD 
BIRTH  TO  8 

▲MDBBFBD 


2  males,  3  fem. 

4  males,  8  fem. 

446  da.  (+18.0) 

180  (-0.3) 

187  (-4.6) 

159  (-8.0) 

16.7  (-6.2) 

11.7  (+4.6) 

26.5  (-0.4) 
121  (+1.7) 

30.3  (-6.6) 

20.1  (-2.4) 

16.6  (-16.3) 

71.8  (-4.1) 

26.2  (+9.9) 
26.2  (+11.0) 

1.577    (-8.0) 
0.555    (-6.7) 
0.319    (-2.1) 
0.0297  (+23.2) 
0.0409  (-29.9) 
0.0077  (-7.2) 
0.0112  (-2.6) 
0.0018  (+20.0) 
0.862    (+8.7) 
(-11.9) 
(+6.3) 
(+11.8) 
(+3.4) 


3.19 
7.92 
0.637 
1.660 


13.83  (+16.1) 
7.06  (+17.3) 
0.0374  (-17.6) 
0.0499  (+1.6) 
0.0451  (-36.5) 
1.806  (+8.7) 
0.613    (+22.8) 


1  male,  3  fem. 

7  males,  9  fem. 

463  da.  (+16.1) 

200  (-2.0) 

190  (-5.5) 

164  (-6.5) 

18.6  (-1.6) 
13.1  (+6.6) 
29.8  (-1.9) 

127  (-6.2) 

33.7  (-7.4) 
19.3  (-11.9) 
14.6  (-24.7) 

76.8  (-10.3) 
26.0  (+3.6) 
33.6  (+26.9) 
.679    (-4.2) 

0.606  (-1.3) 
0.332  (+1.2) 
0.0240  (-6.6) 
0.0642  (-12.2) 
0.0081  (-10.0) 
0.0101  (-18.6) 
0.0016  (+7.1) 
0.841  (+1.2) 


2.87 
8.27 
0.647 
623 


(-14.3) 
(+3.4) 
(+8.2) 
(-7.4) 


17.42  (+32.2) 
8.42  (+27.6) 
0.0370  (-11.1) 
0.0563  (+12.6) 
0.0306  (-56.8) 
2.232  (+17.6) 
0.746  (+32.6) 


2  males,  1  fem. 
6  males,  9  fem. 
340  da.  (-12.2) 
192  (+1.1) 
189  (-4.6) 
163  (-6.9) 
18.3  (-0) 
n.9  (-1.7) 
27.9  (-1.1) 
128  (+1.6) 

86.8  (+9.8) 
20.5  (-3.3) 
17.3  (-7.0) 

83.9  (+5.8) 
27.5  (+13.2) 
16.2  (-33.3) 

1.726    (-0.6) 
0.687    (-2.3) 
0.292    (-10.7) 
0.ft234  (+13.1) 
0.1029  (+86.7) 
0.0092  (+8.2) 
0.0094  (-24.2) 
0.0009  (-40.0) 
0.934    (+14.9) 
(-16.2) 
(+19.9) 
(-12.6) 
(+22.5) 


2.96 
9.22 
0.516 
2.060 


14.41  (+14.0) 
7.09  (+12.7) 
0.0479  (+10.6) 
0.0396  (-20.8) 
0.0482  (-32.0) 
2.307  (+30.3) 
0.637  (+24.4) 


7  males,  8  fem. 
4  m,  8  f .» 
490da.i 
129» 

176  (-0.2) 
147  (-4.0) 

14.6  (+6.6) 
8.6  (+19.4) 

19.7  (-1.6) 
79.2  (-11.1) 
22.6  (-7.8) 
16.1  (+5.2) 
14.1  (-) 

49.0  (-8.6) 

20.1  (-3.8) 
14.4  (-11.7) 

1.690  (+2.8) 
0.614  (-0.9) 
0.319'' (+18.0) 
0.0163  (-13.2) 
0.0439  (-7.8) 
0.005S  (-15.3) 
0.0068  (-5.7) 
0.0012  (— ) 
0.646  (+7.5) 
4.94  (+31.4) 
6.09  (+8.6) 
0.387  (-7.0) 
1.186  (-0.9) 


10.48  (— ) 
4.43   (-3.3) 
0362  (+4.5) 
0.0400  (+17.8) 
0.0366  (-61.5) 
1.667  (+17.1) 
0  612  (+34.0) 


^  In  the  fourth  group,  comparisons  between  test  rats  and  controls  for  the 
organs  were  made  through  the  Wistar  norms  by  Donaldson's  method.  For  the 
body  parts  and  systems,  the  normal  was  calculated  from  the  data  of  Jackson 
and  Lowrey,  as  explained  in  the  text. 

116 


Digitized  by  VjOOQ IC 


ULTIMATE  EFFECTS  OF  INANITION  ON  SIZE  117 

HEAD,  LIMBS  AND  TRUNK 

In  rats  underfed  from  birth  to  three  weeks  of  age,  Stewart 
('18)  found  the  head  about  16  per  cent  above  normal  weight,  but 
in  those  underfed  to  six  or  ten  weeks  the  head  was  nearly  normal. 
In  such  underfed  rats,  on  ample  refeeding  to  a  body  weight  of 
25  to  75  grams,  Jackson  and  Stewart  ('19)  found  the  head  weight 
nearly  normal.  Similarly  in  the  present  series  (table  2),  refed 
to  maximiim  body  wei^t,  the  head  weight  is  nearly  normal, 
the  relatively  small  differences  being  probably  of  no  significance. 

The  limbs  and  trunk  show  no  marked  or  constant  change  in 
relative  weight  during  the  underfeeding  period  in  young  rats 
(Stewart,  '18),  and  likewise  during  ample  refeeding  up  to  body 
weights  of  25  to  75  grains  (Jackson  and  Stewart,' 19).  Similarly 
in  the  present  series,  the  limbs  and  trunk  in  general  show  no 
marked  deviation  from  the  normal  weight,  except  in  the  last 
group  (table  2,  fourth  column).  Even  in  this  case,  the  excess 
weight  of  the  fore  limbs  (+19.4  per  cent)  and  the  subnormal 
weight  of  the  trunk  ( — 11.1  per  cent)  are  of  questionable  signifi- 
cance. The  limbs  are  diflficult  to  separate  from  the  trunk  in  a 
uniform  way,  and,  as  previously  explained,  no  direct  controls  were 
available  for  this  group.  On  the  whole,  therefore,  it  is  doubtful 
whether  the  refed  test  rats  show  any  significant  abnormality  in 
the  proportions  of  their  head,  limbs,  or  trunk. 

THE  BODY  SYSTEMS 

These  body  systems  include  the  integument,  skeleton,  muscu- 
lature, visceral  group,  and  'remainder.' 

Integument.  In  rats  underfed  from  birth,  Stewart  ('16)  found 
the  integument  nearly  normal  in  weight  at  three  weeks,  but  43 
to  48  per  cent  subnormal  at  six  and  ten  weeks  of  age;  On  re- 
feeding such  rats,  Jackson  and  Stewart  found  the  integument 
still  subnormal  at  a  body  weight  of  25  grams,  but  normal  (or 
above)  at  50  and  75  grains.  The  present  series  (table  2)  shows 
the  integument  averaging  slightly  subnormal  ( —  5.6  to  —7.8  per 
cent)  in  all,  but  the  tl;drd  group  ( +9.8  per  cent) .  The  differences 
are  of  questionable  significance,  as  the  skin  is  quite  variable  i^ 
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weight,  but  it  would  seem  that  the  relative  plumpness  of  the 
body  (above  referred  to)  is  not  due  to  accumulation  of  subcu- 
taneous fat. 

Skeleton.  The  'ligamentous  skeleton'  includes  the  bones,  car- 
tilages, periosteum,  and  ligaments.  The  fibrous  structures  were 
removed  by  maceration  (see  earlier  papers  for  technique),  leaving 
the  'cartilaginous  skeleton,'  which  was  oven-dried  to  constant 
weight  as  the  'dry  skeleton.' 

A  remarkably  persistent  overgrowth  of  the  skeleton  in  general 
has  been  observed  during  underfeeding  in  calves  (Waters,  '08), 
puppies  (Aron,  '11)  and  rats  (Jackson,  '15).  Increase  in  body 
length,  indicating  continued  increase  in  skeletal  growth,  with 
retardation  in  body  weight,  has  also  been  noted  in  malnourished 
human  infants  and  children  (Variot,  '07;  Freund,  '09;  Birk,  '11; 
Hess,  '16).  In  rats  underfed  from  birth,  Stewart  ('18)  foxmd  at 
three  to  ten  weeks  an  excess  weight  of  19  to  24  per  cent  in  the 
ligamentous  skeleton,  33  to  94  per  cent  in  the  cartilaginous  skele- 
ton, and  46  to  166  per  cent  in  the  dry  skeleton.  In  such  rats, 
on  ample  refeeding  to  25  to  75  grams  in  body  weight,  Jackson 
and  Stewart  ('19)  found  that  in  general  the  skeletal  weight  has 
dropped  to  normal  proportions,  or  even  subnormal  (cartilagi- 
nous and  dry  skeleton),  suggesting  that  although  skeletal  growth 
persists  during  early  inanition  periods,  its  later  growth  may  be 
inhibited.  The  present  data  (table  2)  tend  to  confirm  this  in 
the  test  rats  amply  refed  to  maximima  body  weight.  While 
the  condition  in  the  last  group  is  more  uncertain  (due  to  lack  of 
■direct  controls,  as  previously  explained)  the  other  groups  show 
uniformly  subnormal  skeletal  weight.  While  small  in  the  liga- 
mentous skeleton  (—2.4  to  —11.9  per  cent),  it  is  more  definite 
in  the  cartilaginous  skeleton  (—7.0  to  24.7—  per  cent),  which 
probably  accounts  for  the  slightly  subnormal  body  length.  A  few 
observations  on  the  weight  of  the  dry  skeleton  (not  given  in  the 
table)  show  a  slight  deficit  in  the  test  rats,  but  they  are  too  few 
to  be  conclusive. 

Musculature.  In  rats  underfed  from  birth  to  three,  six,  or 
ten  weeks  of  age,  Stewart  ('18)  found  the  muscxilature  slightly  (8 
to  12  per  cent)  above  normal  weight.    In  such  rats,  on  ample 
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refeeding  to  a  body  weight  of  25  to  75  grams,  Jackson  and  Stew- 
art ('19)  found  no  excess,  but  rather  a  slight  deficit  (  —  5.7  to 
— 15.4  per  cent)  in  the  musculature  of  the  rats  underfed  to  six 
or  ten  weeks.  This  indication  that  early  inanition  may  exert 
a  retarding  effect  on  the  later  growth  of  the  musculature  is  to  a 
certain  extent  supported  by  the  present  data  for  such  rats  ref ed 
to  maximum  body  weight.  As  shown  in  table  2,  there  is  a 
slight  underweight  (—4.1  to  —10.3  per  cent)  in  all  except  the 
third  group,  which  instead  averages  5.8  per  cent  above  normal. 
These  differences  are  so  slight  that  their  significance  is  somewhat 
doubtful,  though  a  negative  tendency  is  apparent. 

Visceral  group  and  remainder.  The  visceral  group,  which  in- 
cludes all  the  individual  organs  listed  in  table  2,  is  found  28  to  38 
per  cent  above  normal  weight  in  young  rats  underfed  from  birth 
to  three,  six,  or  ten  weeks  of  age  (Stewart,  '18).  Jackson  and 
Stewart  ('19)  foxmd  the  group  as  a  whole  nearly  normal  in  weight 
when  such  rats  were  amply  ref  ed  to  a  body  weight  of  25  to  75 
grains.  The  present  data  (table  2)  show  the  visceral  group 
slightly  above  normal  weight  ( +3.6  to  +13.2  per  cent)  in  all  but 
the  last  column  (—3.8  per  cent).  There  are  differences  in  the 
individual  organs,  however,  as  will  be  discussed  later. 

The  'remainder'  is  obtained  by  deducting  from  the  net  body 
weight  (intestinal  contents  excluded)  the  weight  of  the  integu- 
ment, skeleton,  musculature,  *  and  visceral  group.  This  're- 
mainder' includes  various  small,  unweighed  organs,  dissectible 
fat,  body  fluids,  loss  by  evaporation,  etc.  In  rats  underfed  from 
birth  to  three,  six,  or  ten  weeks,  Stewart  ('18)  found  a  marked 
loss  (  —  19  to  —40  per  cent)  in  the  weight  of  the  'remainder.' 
No  constant  or  significant  variations  from  the  normal  occurred  in 
such  rats  amply  ref  ed  to  a  body  weight  of  25  to  75  grams  (Jack- 
son and  Stewart,  '19).  In  the  present  series,  the  'remainder' 
is  considerably  above  normal  in  the  refed  rats  which  had  been 
underfed  from  birth,  but  below  normal  weight  in  those  xmderf ed 
beginning  at  three  weeks  of  age  (table  2) .  The  interpretation  is 
doubtful,  as  the  'remainder'  is  exceedingly  variable  even  imder 
normal  conditions. 
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The  individual  viscera.  In  rats  underfed  from  birth  to  three, 
six,  or  ten  weeks,  Stewart  ('18)  found  in  general  a  marked  rela- 
tive increase  in  the  weights  of  the  spinal  cord,  eyeballs,  liver, 
stomach,  and  intestines  (empty).  A  less  marked  tendency  to 
increase  occurred  in  the  brain  (especially  in  the  earliest  period), 
heart  (progressive  increase),  spleen  (at  six  or  ten  weeks),  intes- 
tinal contents  (at  six  or  ten  weeks),  suprarenals  (progressive  in- 
crease), kidneys,  testes,  epididymides  (at  three  and  six  weeks, 
loss  later)  ovaries  and  hypophysis.  No  marked  change  was 
found  in  the  weights  of  the  thyroid  and  pineal  gland,  but  a  defi- 
nite loss  of  weight  occurred  in  the  lungs  and  especially  in  the 
thymus.  In  the  earliest  period  only  (up  to  three  weeks)  there 
was  a  loss  in  the  weights  of  spleen  and  intestinal  contents. 

In  rats  imderfed  for  very  long  periods  (beginning  at  three 
weeks  of  age),  Stewart  found  the  earlier  well-marked  overweight 
still  evident  in  the  spinal  cord,  eyeballs,  and  (usually)  the  supra- 
renals. The  brain  showed  a  slight  increase  (above  normal),  and 
also  the  Ixmgs  (probably  abnormal).  There  was  apparently  no 
marked  change  (or  inconstant  variability)  in  the  weights  of  the 
intestinal  contents,  kidneys,  ovaries,  testes  (?),  and  pineal  body. 
The  thyroid,  thymus,  heart,  liver  (variable),  spleen  (variable),  ali- 
mentary canal  (empty),  epididymides  and  h3q>ophysis  (male) 
usually  became  subnormal  in  weight  during  the  long  underfeed- 
ing periods. 

In  rats  imderfed  from  birth  to  three,  six,  or  ten  weeks  and 
amply  refed  to  a  body  weight  of  25  to  75  grams,  Jackson  and 
Stewart  ('19)  found  considerable  variation  in  the  extent  of  re- 
covery in  weight  among  the  individual  viscera.  The  hypophysis, 
suprarenals,  heart,  lungs,  and  kidnejrs  were  usually  normal,  the 
liver  irregular  in  weight.  The  brain,  spinal  cord,  and  thymus 
were  almost  constantly  subnormal,  pineal,  thyroid,  and  epididy- 
mides somewhat  irregular.  The  ovaries  were  also  irregular,  ap- 
parently subnormal  in  rats  refed  after  underfeeding  to  ten  weeks 
of  age.  The  stomach  and  intestines  and  the  eyeballs  were  usu- 
ally somewhat  above  normal  weight.  The  spleen  and  the  testes 
showed  an  apparent  overweight  in  the  earlier  stages,  with  a  sub^ 
normal  tendency  later. 
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In  the  present  series  (table  2)  the  individual  organs  in  the  vari- 
ous groups  of  underfed  rats  ref ed  to  maximum  body  weight  may 
be  mentioned  briefly. 

The  brain,  as  seen  in  table  2,  remains  subnormal  (—4.2  to 
—8.0  per  cent)  in  the  rats  refed  to  maximum  weight  after  under- 
feeding from  birth,  although  somewhat  ^nearer  normal  than  in 
those  refed  to  body  weight  of  25  to  75  grams  (previously  men- 
tioned). Thus  underfeeding  at  this  early  period,  while  not  pre- 
venting a  marked  temporary  overgrowth  of  the  brain  (with  nor- 
mally proportioned  parts,  according  to  Stewart,  '18  a),  apparently 
exerts  an  inhibitory  influence  on  the  later  growth  of  the  brain, 
which  is  retarded  so  as  to  lag  slightly  behind  the  body  as  a  whole 
in  its  ultimate  growth  in  weight. 

On  the  other  hand,  the  longer  underfeeding  period  beginning 
at  the  later  age  of  three  weeks  is  apparently  less  disturbing  in  its 
effects  upon  the  growth  of  the  brain,  which  is  nearly  normal  in 
weight  (relative  to  the  body)  ))oth  at  the  end  of  the  fasting  period 
and  at  the  end  of  the  ref  ceding  period  (table  2,  last  two  colimms). 
Hatai  ('07)  likewise  found  a  normal  weight  for  the  central  nervous 
system  of  rats  refed  after  partial  starvation  (starch  diet)  for 
three  weeks  in  rats  one  month  old.  King  ('16),  however,  found 
both  brain  and  spinal  cord  subnormal  in  weight  in  dwarfed  rats 
which  were  undersized  ('runts')  from  birth.  As  suggested  above, 
this  condition  may  possibly  be  due  to  prenatal  malnutrition. 

The  spinal  cord,  though  subnormal  in  weight  in  the  rats  refed 
to  body  weight  of  25  to  75  grams,  after  underfeeding  from  birth 
(Jackson  and  Stewart,  '19),  is  more  nearly  normal  in  the  present 
series  refed  to  maximum  weight.  As  seen  in  table  2,  the  first 
group  (—6.7  per  cent)  is  the  only  one  showing  any  appreciable 
deviation  from  the  normal. 

The  eyeballs  which  grow  to  a  remarkable  extent  during  early 
inanition  and  are  still  somewhat  above  normal  weight  on  refeed- 
ing  to  a  body  weight  of  25  to  75  grams,  are  nearly  normal  in 
corresponding  rats  refed  to  maximum  body  weight  (table  2,  first 
two  columns).  Of  those  underfed  at  a  later  period,  one  group 
shows  an  underweight  ( — 10.7  per  cent),  the  other  an  overweight 
(+18.0  per  cent)  in  the  eyeballs,  the  difference  being  of  uncer- 
tain significance. 
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The  thyroid  gland,  which  was  found  somewhat  variable  in  its 
weight  at  the  end  of  the  inanition  periods  and  on  refeeding  to  a 
body  weight  of  25  to  75  grams,  appears  likewise  somewhat 
inconstant  in  the  present  series  (table  2)  refed  to  maximima 
body  weight.  The  results  do  not  warrant  any  more  definite 
conclusion. 

The  thymus,  which  undergoes  a  marked  loss  of  weight  during 
'hunger  involution/  was  found  still  subnormal  upon  refeeding  to 
a  body  weight  of  25  to  75  grams  (Jackson  and  Stewart,  '19). 
The  subnormal  weight  still  persists  in  three  groups  of  the  present 
series,  refed  to  maximmn  body  weight  (table  2).  In  one  of  the 
groups,  however,  there  is  a  remarkable  overweight  of  85.7  per 
cent,  probably  due  to  experimental  error  in  removing  fat  along 
with  the  thymus. 

The  hypophysis  has  been  found  by  Hatai  to  show  a  sexual 
difference  in  weight,  therefore  the  data  for  this  gland  are  listed 
separately  by  sex  in  table  2.  In  ipost  cases  (excepting  in  the 
male  on  long  underfeeding)  it  was  found  nearly  normal  at  the 
end  of  the  underfeeding  periods,  and  on  refeeding  to  a  body  weight 
of  25  to  75  grams.  In  the  present  series,  refed  to  maximum 
body  weight,  it  is  more  or  less  subnormal  in  all  but  one  group 
(table  2),  which  shows  a  slight  overweight  (+8.2  per  cent). 
Jackson  ('17)  found  that  in  young  rats  refed  four  weeks  or  more 
after  inanition  the  hypophysis  has  for  the  most  part  recovered 
its  normal  histological  structure,  although  atrophic  areas  may 
persist  for  indefinite  periods. 

The  pineal  body  was  found  irregular  in  weight  in  the  underfed 
rats  on  refeeding  to  body  weight  of  25  to  75  grams.  Likewise 
in  the  present  series  (table  2),  it  shows  an  apparent  overweight  in 
the  first  two  groups,  but  a  decidedly  subnormal  weight  in  the 
third.  On  account  of  the  small  size  of  the  gland,  no  definite 
conclusion  can  be  drawn  from  the  few  observations. 

The  heart  shows  a  tendency  to  increase  in  weight  in  the  earlier 
xmderfeeding  periods,  but  loses  weight  later.  It  was  usually 
found  nearly  normal  in  the  rats  refed  to  a  body  weight  of  25  to  75 
grams.  In  the  present  series,  refed  to  maximima  body  weight, 
the  heart  shows  a  tendency  to  hypertrophy,  which  is  distinct  in 
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three  of  the  four  groups  (table  2),  the  overweight  varying  from 
1.2  to  14.9  per  cent. 

The  lungs,  which  were  nearly  normal  in  weight  in  the  underfed 
rats  ref ed  to  body  weight  of  25  to  75  grams,  are  distinctly  subnor- 
mal in  three  of  the  four  groups  of  the  present  series  (table  2). 
The  enormous  overweight  ( +314  per  cent)  in  the  fourth  group 
is  xmdoubtedly  pathological,  due  to  a  chronic  lung  disease,  which 
occurs  frequently  in  the  older  rats. 

The  liver y  which  shows  a  marked  growth  tendency  during  the 
earlier  inanition  periods,  is  variable  in  weight  later,  and  in  the 
rats  refed  to  a  body  weight  of  25  to  75  grams.  In  the  present 
setries  (table  2)  refed  to  a  maximum  body  weight,  the  liver  appears 
above  normal  in  all  groups  (+3.4  to  +19.9  per  cent).  On  ac- 
count of  the  great  normal  variability  in  the  size  of  the  liver, 
however,  the  significance  of  this  apparent  hypertrophy  is  some- 
what imcertain. 

The  spleen  is  exceedingly  variable^  in  weight,  both  normally 
and  after  various  inanition  periods.  In  the  rats  refed  to  body 
weight  of  25  to  75  grams,  the  spleen  was  found  usually  above 
normal  in  the  earlier  stages  and  subnormal  later.  In  the  present 
series  refed  to  maximum  body  weight  (table  2),  the  spleen  ap- 
pears somewhat  above  normal  (+8.2  and  +11.8  per  cent)  in 
the  groups  underfed  from  birth,  but  below  normal  (—7.0  and 
— 12.6  per  cent)  in  those  underfed  beginning  at  three  weeks  of 
age.  It  is  uncertain  as  to  how  much  of  this  difference  is  due 
merely  to  normal  variability. 

The  kidneys  were  usually  found  normal  in  weight  in  the  rats 
refed  to  a  body  weight  of  25  to  75  grains.  In  the  present  series, 
refed  to  maximum  body  weight  (table  2),  they  likewise  differ  but 
little  from  the  normal,  excepting  the  third  group,  which  appears 
above  normal  (+22.5  per  cent).  As  the  kidneys  normally  show 
considerable  variation  in  weight,  this  exception  is  of  doubtful 
significance. 

The  stomach  and  intestines  (without  contents)  show  a  remark- 
ably strong  tendency  to  increase  in  weight  during  the  earlier 
underfeeding  periods,  though  becoming  subnormal  during  the 
later  and  longer  fasting  experiments.    On  refeeding  (after  early 
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underfeeding)  to  a  body  weight  of  25  to  75  grams,  the  empty 
stomach  and  intestines  still  appeared  somewhat  above  normal  in 
weight.  In  the  present  series  refed  to  maximuTn  body  weight,  an 
over-weight  persists  in  the  alimentary  canal,  both  with  and  with- 
out contents,  excepting  in  the  fourth  group  (table  2).  A  period 
of  inanition  in  the  young,  growing  rat  therefore  apparently  tends 
to  produce  a  permanently  hypertrophied  condition  in  the  ali- 
mentary canal  (stomach  and  intestines). 

The  suprarenal  glands,  like  the  hypophysis,  show  a  sexual 
difference  in  weight  (Hatai,  Jackson).  They  usually  increase 
above  normal  weight  in  young  rats  underfed  for  various  periods, 
but  were  found  nearly  normal  on  ref eeding  to  a  body  weight  of 
25  to  75  grams.  In  the  present  series  refed  to  maximum  body 
weight,  they  appear  irregular  (table  2),  some  groups  being  above 
normal,  others  subnormal  in  weight.  As  the  suprarenals  are 
normally  somewhat  variable  and  the  number  of  observations 
rather  small,  no  definite  conclusion  is  justified.  The  histo- 
logical changes  in  the  suprarenal  glands  during  inanition  and 
refeeding  have  been  described  by  Jackson  ('19). 

The  ovaries  appear  especially  affected  by  inanition  during  the 
early  growth  period.  As  shown  by  Stewart  ('18),  they  increase 
markedly  in  weight  in  rats  underfed  from  birth  to  three,  six,  or 
ten  weeks,  but  are  somewhat  variable  in  those  underfed  for  long 
periods  beginning  at  three  weeks  of  age.  In  the  former  group, 
Jackson  and  Stewart  ('19),  in  ratb  refed  to  a  body  weight  of  25 
to  75  grams,  found  the  ovaries  irregular  in  weight,  usually  sub- 
normal in  those  which  had  been  underfed  to  ten  weeks. 

The  present  data  (table  2)  indicate  that  in  the  rats  imderfed 
beginning  either  at  birth  or  at  three  weeks  of  age,  the  later  growth 
of  the  ovaries  is  profoundly  affected.  They  average  from  32  to 
61  per  cent  below  normal  in  the  rats  refed  to  maximum  body 
weight.  This  subnormal  weight  of  the  ovaries  indicates  an 
atrophy  which  is  doubtless  sufficient  to  account  for  the  marked  loss 
of  reproductive  power  in  the  test  females.  This  was  discussed 
earlier  in  the  paper.  Since  these  females  were  mated  with  normal 
males  (the  controls),  their  failure  to  reproduce  cannot  be  ascribed 
to  the  males. 
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The  more  favorable  results  by  Osborne,  Mendel  and  Ferry 
('17),  who  obtained  three  to  five  litters  in  four  of  their  female 
rats  ref ed  after  stunting  by  inadequate  diet  with  retarded  growth, 
is  perhaps  due  to  the  fact  that  their  inanition  began  at  a  later  age 
(five  or  six  weeks)  and  terminated  with  a  body  weight  (90  to  108 
grams)  nearly  double  that  in  our  rats  underfed  for  the  longest 
period.  It  is  quite  possible  that  there  may  be  a  critical  period 
in  the  development  of  the  rat's  ovary,  before  the  age  of  five  or 
six  weeks,  when  inanition  is  much  more  injurious  than  later. 

The  testes  react  somewhat  like  the  ovaries  (in  weight)  during 
the  earlier  inanition  periods,  but  the  ultimate  effect  is  different. 
Stewart  ('18)  foimd  the  testes  increased  in  weight  in  rats  under- 
fed from  birth  to  three,  six,  or  ten  weeks,  but  variable  or  de- 
creased in  those  imderfed  for  longer  periods  beginning  at  three 
weeks  of  age.  In  the  rats  refed  to  body  weight  of  25  to  75  grams 
after  imderfeeding  from  birth,  Jackson  and  Stewart  ('19)  foimd 
an  apparent  overweight  in  the  testes  in  the  earher  periods  of  re- 
feeding,  but  a  subnormal  tendency  later. 

The  present  data  (table  2)  for  the  underfed  rats  fully  refed  to 
maximum  body  weight  show  a  surprising  tendency  to  overweight 
in  the  testes,  the  average  varying  from  about  9  to  30  per  cent  in 
the  various  groups.  Since  these  test  males  were  not  separately 
mated  with  normal  females,  it  is  uncertain  whether  their  normal 
reproductive  function  was  restored. 

The  epididymides  in  general  during  inanition  in  young  rats  un- 
dergo changes  in  weight  somewhat  similar  to  those  in  the  testes, 
tending  to  increase  in  weight  in  early  stages,  with  loss  in  weight 
later  (Stewart) .  They  were  found  irregular  in  weight  in  rats  refed 
to  a  body  weight  of  25  to  75  grams.  In  the  present  series  (table 
2)  in  the  rats  refed  to  maximum  body  weight,  the  epididymides 
show  a  h3q>ertrophy  even  greater  than  that  of  the  testes,  the  over- 
weight being  from  23  to  34  per  cent  in  the  various  groups. 
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SUMMARY 

1.  Albino  rats  fully  refed  after  underfeeding  from  birth  to 
three,  six,  or  ten  weeks,  or  from  three  weeks  to  nearly  a  year  of 
age,  grow  variably,  but  usually  fail  to  reach  the  normal  adult 
size.  The  ultimate  effect  varies  according  to  the  length  of  the 
underfeeding  period,  the  age  at  which  the  inanition  occurred,  the 
sex  (body  weight  more  affected  in  males),  the  severity  and  the 
character  of  the  inanition. 

2.  In  the  test  rats  refed  to  maximum  body  weight,  the  body 
length  and  tail  length  appear  slightly  subnormal,  head,  limbs, 
and  trunk  nearly  normal  in  weight;  skeleton,  integument,  and 
musculature  usually  slightly  subnormal,  visceral  group  slightly 
above  normal,  and  'remainder'  variable. 

3.  Of  the  individual  organs,  the  brain,  spinal  cord,  hypophysis, 
and  lungs  of  the  test  rats  average  slightly  subnormal  in  weight, 
the  ovaries  very  markedly  so.  The  atrophy  of  the  ovaries  prob- 
ably accounts  for  the  reduction  of  reproductive  capacity  in  the 
test  females,  which  is  especially  marked  after  the  long  under- 
feeding periods.-  The  heart  and  alimentary  tract  appear  slightly, 
and  the  testes  and  epididymides  very  definitely,  above  normal 
weight.  The  other  organs  appear  either  normal  or  irregular  in 
weight,  in  comparison  with  normal  controls  of  the  same  body 
weight. 

4.  While  some  abnormalities  thus  occur  in  the  test  rats,  they 
are  usually  slight,  and  in  general  it  may  be  said  that  the  organs 
and  parts  are  nearly  normally  proportioned  in  the  permanently 
stunted  rats.  Thus  the  earlier  starvation  apparently  retards  or 
inhibits  the  later  growth  process  of  the  body  as  a  whole,  with 
the  few  exceptions  above  noted. 
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The  importance  of  water  for  the  living  organism  is  well  recog- 
nized, but  the  effects  of  thirst  (water  inanition)  have  been  studied 
only  to  a  relatively  slight  extent.  It  has  long  been  known  that 
a  diet  deficient  in  water  causes  a  loss  in  body  weight  in  various 
species  of  animals,  and  this  principle  has  often  been  followed  in 
the  treatment  of  human  obesity.  As  to  the  effects  upon  the  indi- 
vidual organs,  however,  but  few  observations  have  been  pub- 
lished. The  present  investigation  was  undertaken  to  determine 
the  changes  in  the  weight  of  the  body  and  of  the  various  organs 
in  adult  albino  rats  subjected  to  a  relatively  dry  diet  for  various 
periods.  The  work  was  done  in  the  Institute  of  Anatomy  at  the 
University  of  Minnesota.  This  opportunity  is  taken  to  express 
my  indebtedness  to  Dr.  C.  M.  Jackson,  Director  of  the  Depart- 
ment, for  valuable  aid  and  direction. 
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MATERIAL  AND  METHODS 

The  albino  rat  (Mus  norvegicus  albinus)  was  chosen  for  use  in 
this  experiment.  As  the  rat  normally  requires  but  little  water 
in  its  diet,  it  seems  (like  the  pigeon)  to  be  especially  suitable  for 
thirst  experiments. 

The  material  used  in  the  present  experiments  included  twenty- 
five  adult  albino  rats  from  the  colony  in  the  Institute  of  Anatomy. 
Three  died  during  the  tests,  and  are  excluded  because  the  coagu- 
lated blood  from  postmortem  congestion  might  affect  the  weights 
of  the  organs.  Two  additional  females  (one  pregnant)  are  also 
excluded  from  the  tables  for  lack  of  adequate  controls.  The  re- 
maining twenty  rats  (table  1),  which  were  killed  and  autopsied, 
are  all  males  except  one.  Twelve  of  these  were  from  six  litters  of 
known  age  (167  to  259  days).  The  other  eight  were  stock  rats 
of  unknown  age.  Four  of  the  rats  were  used  for  normal  controls. 
They  include  the  one  female,  which,  however,  is  excluded  in  the 
case  of  organs  (suprarenals,  hypophysis,  and  gonads)  that  show 
a  sex  difference  in  weight. 

The  rats  had  all  been  fed  chiefly  upon  maize,  and  Graham 
bread  soaked  with  whole  milk,  with  occasional  fresh  vegetables. 
They  were  usually  placed  upon  a  maintenance  diet  of  whole  milk 
and  dry  biscuit  for  some  days  before  beginning  the  experiment. 
The  biscuit  used  in  the  experiments  was  the  'Old  Grist  Mill' 
brand  ('dog-bread')  manufactured  by  Potter  and  Wrightington, 
Charlestown,  Massachusetts,  according  to  Castle's  formula,  and 
having  approximately  the  following  composition: 

per  cerU 

Moisture  at  lOO'^C 4.63 

Phosphates  as  tricalcium 6.73 

Crude  fiber 0.58 

Proteids 15.40 

Carbohydrates,  starch,  sugar,  etc 65.57 

Ether  extract  (fat,  etc.) 7.10 

Estimated  calories  per  gram 4.6 

The  test  rats  were  weighed  daily  and  individual  records  kept. 
The  temperature  of  the  animal  room  was  fairly  constant  at  about 
77°  F.  (range  65°  to  80°). 
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During  the  experiment  the  rats  were  kept  each  in  a  separate 
cage  with  wire-net  bottom.  This  allowed  the  feces  and  urine  to 
drop  through.    Both  feces  and  food  were  carefully  weighed. 

Acute  thirst.  Nine  rats  (eight  included  in  table  1)  were  used 
for  the  acute-thirst  experiment.  They  were  allowed  dry  food  ad 
libitum.  The  greatest  difficulty  in  thirst  experiments  is  to  induce 
the  animals  to  eat  dry  food.  If  they  refuse  to  eat,  the  result  is 
total  inanition,  instead  of  water  inanition.  The  occurrence  of 
partial  inanition  (due  to  deficiency  in  vitamines  or  other  necessary 
dietetic  elements)  must  also  be  avoided  so  far  as  possible.  Vari- 
ous methods  of  feeding  in  the  acute-thirst  experiments  (table  1) 
were  used  as  follows: 

Group  1.  Two  rats  (K  4.1,  K  3.4)  were  fed  with  maize  (Indian 
corn)  only,  either  whole  grains  or  crushed,  without  water  or  milk. 
They  consmned  an  average  of  about  1  gram  daily.  The  feces 
averaged  2  to  2.7  grams  daily. 

Group  2.  Two  rats  (Sr.  8,  Si.  1)  were  fed  with  dry  biscuit  ad 
libitum  and  3  grams  of  milk  daily.  Each  rat  daily  ate  2.5  grams 
of  biscuit  and  passed  2  grams  6i  feces  (average). 

Group  3.  Two  rats  (K  3.3,  K  3.2)  were  fed  with  dry  biscuit 
and  5  grams  of  milk  daily.  They  daily  ate  2.9  grams  of  dry 
biscuit  and  passed  0.8  gram  of  feces. 

Group  4.  In  this  group,  two  rats  (K  7.1  and  Si.  3)  in  the 
earlier  days  of  the  test  were  given  (in  addition  to  dry  biscuit  or 
maize  and  biscuit)  relatively  greater  amounts  of  milk  (15  to  20 
grams),  which  was  gradually  reduced  in  the  later  days  to  2  to 
2.5  grams.  By  this  method  the  rat  ate  relatively  more  food  and 
continued  active  for  a  much  longer  period  (killed  after  sixteei^ 
to  seventeen*  days). 

The  daily  average  food  intake  for  rat  K  7.1  was  1.9  grams  of 
biscuit  and  6.3  grams  of  milk.  The  feces  averaged  2.7  grams  daily. 
For  the  other  rat  (Si.  3)  the  corresponding  daily  averages  were  2 
grams  of  biscuit  and  maize;  5.1  grams  of  milk;  0.4  gram  of  feces. 

In  addition  to  the  groups  above  mentioned,  a  male  rat  (Si.  2) 
was  kept  alive  without  food  or  water  (D;  total  inanition)  for  eleven 
days.    This  rat  will  be  compared  with  those  in  the  thirst  series. 
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Chronic  thirst.  In  the  chronic-thirst  experiments,  seven  rats 
were  used.  Six  (table  1)  were  fed  upon  dry  biscuit  ad  libitum 
with  milk  gradually  decreased  in  amount,  so  as  to  reduce  the 
body  weight  about  1  per  cent  (of  the  initial  weight)  daily.  They 
were  killed  after  an  average  of  50.6  (range  47  to  55)  days  (table 
1).  These  rats  daily  ate  an  average  of  6.9  grams  of  dry  biscuit  and 
9  grams  of  milk.  The  feces  averaged  1.1  grams  daily .  One  rat 
(Sr.  3)  ate  a  daily  average  of  6.7  grams  of  maize  and  6.5  grams  of 
whole  milk.  Another  rat  (Si.  4)was  fed  with  dry  biscuit  and  6 
grams  of  milk  daily.  This  rat  took  an  average  of  6.3  grams  of 
biscuit  and  passed  an  average  of  1  gram  of  feces  daily.  In  the 
rats  of  the  acute-thirst  series,  it  was  observed  that  those  getting 
5  grams  of  milk  a  day  (that  is,  only  a  little  less  than  in  the  dironic 
series  above)  weakened  rapidly  and  could  live  only  about  ten 
days.  It  therefore  appears  that,  under  the  conditions  stated, 
the  water  contained  in  about  6  grams  of  milk  represents  a  critical 
limit,  below  which  the  rats  can  live  but  a  few  days. 

In  order  to  determine  the  amoimt  of  dry  biscuit  or  corn  re- 
quired for  maintenance,  when  water  is  allowed  ad  Ubitum,  sup- 
plementary experiments  were  made  upon  adult  rats.  It  was 
found  that  under  these  conditions  about  13  to  15  grams  of  dry 
biscuit  or  maize  are  required  to  maintain  approximately  constant 
body  weight  for  short  periods.  Jackson  ('15)  foimd  that  in  adult 
rats  with  water  ad  Ubitum  a  diet  of  Graham  bread  soaked  iA 
whole  milk  and  amounting  to  10  per  cent  of  the  body  weight 
daily  is  not  quite  sufficient  for  maintenance.  It  is  therefore  evi- 
dent that  in  the  present  experiments  the  food-intake  was  not 
sufficient  for  maintenance,  so  that  to  some  extent  the  effects  of 
general  inanition  are  added  to  those  of  thirst. 

At  the  end  of  both  acute  and  chronic  thirst  experiments,  the 
rats  were  killed  by  chloroform  and  the  various  organs  and  parts 
carefuUy  dissected  and  weighed.  The  technique  followed  is  that 
described  by  Donaldson  C15),  with  a  few  modifications.  The 
submaxillary  glands  and  thyroid  gland  were  removed  first.  The 
blood  is  so  thick  during  thirst  that  slight  pressure  upon  the  body 
is  necessary  to  obtain  any  appreciable  flow  even  from  the  larger 
vessels.  The  organs  and  parts  upon  removal  were  placed  in  a 
closed  jar  upon  glass  plates  resting  on  moist  filter-paper. 
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The  organs,  after  weighing,  were  dried  to  constant  weight  in 
an  oven  at  about  95°C.,  in  order  to  determine  their  water  content 
(not  included  in  this  paper). 

Percentage  losses  in  the  various  organs  were  calculated  as  fol- 
lows. The  average  weight  (table  2)  for  each  organ  or  part  in  the 
test  rats  was  compared  with  the  corresponding  average  for  the 
controls.  The  data  in  the  column  'Difference'  express  the  appar- 
ent percentage  change  (+  or  — )  as  the  result  of  the  experiment. 
In  calculating  these  percentage  changes  the  slight  differences  in 
average  initial  body  weights  between  the  controls  and  the  test 
rats  are  ignored. 

For  various  reasons,  the  data  obtained  do  not  justify  any  final 
conclusions  as  to  the  effects  of  thirst.  The  number  of  animals 
used  (especially  for  controls)  is  comparatively  small,  and  in  some 
cases  there  are  marked  individual  variations  (due  partly  to-  un- 
avoidable variations  in  technique),  as  shown  in  table  1.  More- 
over, it  is  obviously  difficult  to  separate  the  effects  of  thirst  from 
the  accompanying  inanition  due  to  inadequate  food-intake.  By 
comparison  of  the  results  with  those  obtained  by  inanition  with 
water  or  by  total  inanition,  however,  it  is  possible  to  reach  some 
general  conclusions  of  interest  and  importance. 

GENERAL   OBSERVATIONS 

•  The  symptoms  noted  in  the  albino  rats  during  the  thirst  experi- 
ments are  briefly  as  follows.  The  skin  becomes  roughened  and 
the  hairs  are  easily  detached.  (Likewise  noted  in  dogs  on  a  dry 
diet  by  Bowin,  '80.)  Dryness  and  desquamation  were  observed 
in  the  skin  of  the  plantar  surfaces.  The  fecal  material  is  usually 
hard,  but  sometimes  diarrheal  in  character.  The  urine  is  scanty. 
Opacity  of  the  lens  apparently  caused  visual  disturbance  in  some 
cases.  The  conjunctiva  was  observed  in  some  cases  to  be  con- 
gested, and  in  one  case  hemorrhagic.  Hemorrhage  from  the 
nose  was  noted  in  several  cases.  Paralysis  of  the  right  posterior 
extremity  occurred  in  one  case.  During  the  period  of  twelve  to 
twenty-four  hours  before  death  the  rats  will  take  neither  food  nor 
milk  and  are  exhausted,  apathetic,  and  convulsive.  Some  rats 
apparently  become  mentally  deranged  and  will  bite,  although 
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previously  they  were  very  tame.  Mental  disturbance  has  also 
been  noted  in  men  during  extreme  thirst  (Tiedemann,  '36;  Zaba- 
ver,  '04).  The  rat  (Si.  2)  subjected  to  total  inanition  ate  about 
half  of  its  tail  during  the  experiment.  In  the  chronic-thirst 
series,  the  rats  always  had  the  penis  extruded,  possibly  from 
attempts  to  get  the  urine. 

The  general  conditions  observed  at  autopsy  are  as  follows. 
There  is  extreme  general  emaciation.  The  skin  and  muscles  ap- 
pear dry  and  are  difficult  to  separate.  The  blood  is  very  .thick. 
The  fat  has  almost  disappeared  from  the  subcutaneous  and  mus- 
cular tissues,  but  persists  in  small  amount  in  the  orbit.  The  adi- 
pose tissue  of  the  interscapular  region  is  reduced  to  a  small, 
brownish-red  mass.  A  small  ainount  of  serous  fluid  is  found  in 
the  peritoneal,  pleural,  and  pericardial  cavities.  The  appearances 
of  the  brain,  spinal  cord,  lungs,  and  abdominal  viscera  will  be 
mentioned  later  in  discussing  the  individual  organs. 

BODY   WEIGHT 

As  shown  in  tables  1  and  2,  the  average  initial  gross  body  weight 
of  eight  rats  in  the  acute-thirst  series  is  218.8  grams  and  in  the 
three  controls,  218.3  grams.  The  loss  in  body  weight  in  the 
acute-thirst  series  averages  36.1  per  cent,  the  loss  in  individual 
cases  ranging  from  31.8  per  cent  to  45.9  per  cent.  This  represents 
nearly  the  maximum  possible  loss  during  the  acute-thirst  experi- 
ments, as  the  rats  were  killed  only  in  very  advanced  stages  of 
inanition.  Three  other  rats  of  152,  162,  and  208  grams  that  were 
fed  small  amounts  of  milk  (average  3,  2,  and  2.8  grams  daily) 
died  with  losses  in  body  weight  of  33.8,  31.6,  and  35.7  per  cent, 
respectively.  These  rats  have  been  excluded  from  the  tables,  as 
previously  explained.  In  the  rat  (Si.  2)  on  total  inanition,  the 
body  weight  decreased  from  216  grams  to  114  grams,  a  loss  of 
47.2  per  cent  in  eleven  days,  at  the  end  of  which  time  the  rat 
was  killed. 

These  losses  in  total  and  acute  water  inanition  are  greater  than 
those  obtained  by  Jackson  ('15)  in  acute  inanition  with  water. 
In  a  series  of  fifteen  albino  rats,  he  obtained  an  average  loss  of 
33.1  per  cent  (range  25  to  40  per  cent)  in  an  average  of  nine  (six 
to  twelve)  days. 
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In  my  chronic-thirst  series  the  loss  in  body  weight  is  remark- 
ably greater  than  in  acute  thirst.  The  average  body  weight  for 
the  seven  test  rats  (tables  1  and  2)  shows  a  loss  of  52.4  per  cent 
(range,  50.6  to  60.2  per  cent).  The  loss  in  body  weight  in  this 
chronic-thirst  series  is  also  markedly  greater  than  that  obtained 
in  albino  rats  in  chfonic  inanition  with  water  by  Jackson  (^15), 
which  averaged  36.1  per  cent  (extreme  37.5  per  cent)  in  five 
weeks.  In  a  dog,  given  water  only,  Kmnagawa  ('98)  observed 
a  loss  of  56  per  cent  in  the  body  weight  in  ninety-eight  days.  As 
the  result  of  a  dry  diet,  Bowin  ('80)  obtained  a  loss  of  50  per  cent 
in  the  body  weight  of  dogs  and  rabbits;  Scheflfer  ('62)  a  loss  of 
45.8  per  cent  in  pigeons;  and  Pemice  and  Scagliosi  ('95)  a  loss  up 
to  41.2  per  cent  in  chickens.  In  rabbits,  Skoritschenko  ('83) 
noted  very  irregidar  losses  in  body  and  organ  weights.  In  the 
acute  thirst  of  experimental  diarrhea,  however,  Tobler  ('10)  pro- 
duced the  death  of  dogs  in  three  and  one-half  to  seven  days,  with 
loss  of  only  22  to  30  per  cent  in  body  weight. 

In  the  present  experiments  there  is  no  constant  relation  between 
the  percentage  loss  in  body  weight  and  either  the  initial  body 
weight  or  the  length  of  the  thirst  period.  However,  in  each  case 
the  loss  in  body  weight  during  acute  thirst  is  greater  during  the 
first  half  than  during  the  second  half  of  the  experiment.  As 
might  be  expected,  the  loss  during  thirst  is  invariably  the  great- 
est on  the  first  day,  as  foimd  by  numerous  investigators  in  vari- 
ous animals  and  types  of  inanition.  This  is  probably  due  chiefly 
to  the  reduction  in  contents  of  the  stomach  and  intestines. 

LENGTHS   OF   BODY  AND   TAIL 

The  body  length  is  measured  from  the  tip  of  the  nose  to  the 
anus  and  the  tail  length  from  the  anus  to  the  tip  of  the  tail. 
The  measurements  were  taken  immediately  after  death,  the  body 
and  tail  being  extended  by  very  sUght  tension. 

The  body  length  (table  1)  in  the  acute-thirst  series  shows  an 
average  loss  of  11.4  per  cent  and  in  the  chronic-thirst  series  a 
loss  of  14.7  per  cent,  in  comparison  with  the  controls.  In  the 
rat  (Si.  2)  on  total  inanition  the  corresponding  apparent  decrease 
is  12.5  per  cent.    This  decrease  in  the  trunk  length,  as  noted  by 
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Jackson  ('15)  in  rats  on  water  only,  is  probably  due  to  shrinkage 
of  the  intervertebral  disks.  In  the  tail  the  shrinkage  is  evident, 
though  less  marked  than  in  the  body;  thus  the  tail  becomes  rela- 
tively longer  in  the  test  rats. 

WEIGHTS   OF   ORGANS   AND   SYSTEMS 

Integurmnt 

'  As  shown  in  table  2,  the  integument  (which  includes  the  skin 
appendages,  external  ear,  hair,  and  claws)  has  in  the  acute-thirst 
series  apparently  decreased  in  absolute  weight  from  an  average  of 
41.9  grams  to  28.5  grams,  which  is  a  loss  of  31.9  per  cent  in  aver- 
age weight  (table  2).  In  the  chronic-thirst  series,  the  corre- 
sponding decrease  is  from  40.2  grams  to  21.3  grams,  a  loss  of  47 
per  cent.  In  the  rat  (Si.  2)  on  total  inanition  (table  1)  the  ap- 
parent loss  in  weight  of  the  integument  amounts  to  42.5  per  cent. 
Since  these  losses  are  only  slightly  less  than  those  of  the  whole 
body,  there  is  but  little  change  in  the  relative  weight  of  the  integ- 
imient.  Jackson  ('15)  also  found  that  in  rats  after  inanition  with 
water  the  loss  of  weight  in  the  integument  is  nearly  proportional 
to  that  of  the  entire  body.  (Scheflfer,  '52,  and  Falck  and  Schef* 
fer,  '54,  in  the  dog  on  dry  diet,  found  the  loss  in  the  body  weight 
(20.7  per  cent)  somewhat  less  than  that  in  the  integument  (25 
to  28  per  cent.) 

Skeleton 

The  skeleton  (tables  1  and  2)  was  prepared  in  two  ways.  Ac- 
cording to  Jackson  ('15),  the  bones,  together  with  the  cartilages, 
periostemn,  and  ligaments,  constitute  the  'ligamentous  skeleton.' 
The  bones  and  cartilages,  after  removal  of  the  periosteum  and 
ligaments  by  immersion  for  about  one  hour  in  1  per  cent  of  solu- 
tion of  'gold  dust'  (a  soap  mixture)  at  gO^'C,  constitute  the  'car- 
tilaginous skeleton.'  The  humerus  and  femur  were  also  weighed 
fresh,  after  removal  of  the  periostemn  and  ligaments,  to  avoid 
possible  eflfects  of  heating  in  the  soap  solution. 

As  shown  in  table  2,  the  ligamentous  skeleton  of  the  acute- 
thirst  series  shows  a  loss  of  4.3  per  cent  in  average  weight,  and 
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during  the  chronic-thirst  series  a  loss  of  10.3  per  cent.  Since  the 
corresponding  loss  in  the  body  weight  is  much  greater,  the  skele- 
ton increased  correspondingly  in  relative  weight  during  the 
experiments. 

The  cartilaginous  skeleton  similarly  shows  a  loss  in  average 
weight  of  11.8  per  cent  in  the  acute-thirst  series  and  5  per  cent 
in  the  chronic-thirst  series.  (The  apparent  loss  of  34.1.  per  cent 
in  the  skeleton  of  rat  Si.  2,  on  total  inanition  (table  1),  is  due  to 
an  error  in  technique.) 

The  data  for  the  humerus  (2)  and  femur  (2)  show  a  loss  in 
average  weight  of  21.1  per  cent  in  the  acute-thirst  series  and  12.1 
per  cent  in  the  chronic-thirst  series.  This  indicates  that  the  loss 
in  these  large  bones  is  relatively  greater  than  in  the  remainder  of 
the  skeleton. 

Jackson  ('15)  found  that  in  albino  rats  during  acute  and  chronic 
inanition  (with  water)  there  is  apparently  little  or  no  loss  of 
weight  in  the  skeleton,  and  cited  numerous  data  showing  similar 
results  by  other  investigators  in  various  species. 

Palck  and  Scheflfer  ('54),  in  a  dog  on  dry  diet,  found  a  loss  of 
20.7  per  cent  in  body  weight  and  a  loss  of  5.3  per  cent  in  the 
ligamentous  skeleton.  In  the  acute  thirst,  caused  by  experi- 
mental diarrhea  in  dogs,  Tobler  (40)  found  a  loss  of  4  to  15  per 
cent  in  the  weight  of  the  (cartilaginous?)  skeleton.  Thus  it  is 
evident  that  during  inanition,  either  with  or  without  water,  the 
skeleton  decreases  but  slightly  in  weight. 

Musculature 

The  musculature  in  the  acute-thirst  series  shows  a  loss  in  aver- 
age weight  of  33.1  per  cent  and  in  the  chronic-thirst  series  a  loss 
of  61.2  per  cent  (table  2). 

The  corresponding  percentage  losses  in  body  weight  and  in 
musculature  found  by  previous  observers  as  a  result  of  thirst  are 
as  follows:  in  the  pigeon  (Schuchardt,  '47),  body  —43.9,  muscu- 
lature -37;  in  the  dog  (Falck  and  Schefifer,  '54),  body  -20.7, 
musculature   —29.3. 

During  inanition  with  water,  Jackson  ('15)  observed  the  fol- 
lowing percentage  losses  in  body  weight  and  weight  of  muscula- 
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ture,  respectively:  acute  inanition,  body  —33.9,  musculature 
—30.9;  chronic  inanition,  body  -36.1,  musculature  -40.8. 
Results  of  other  investigators  cited  by  Jackson  support  the  con- 
clusion that  in  general  the  loss  of  weight  in  the  musculature  dur- 
ing inanition  is  roughly  proportional  to  the  loss  in  body  weighty 
with  a  tendency  to  relatively  greater  loss  during  chronic  inani- 
tion. This  is  in  general  agreement  with  the  results  of  thirst,  as 
above  given. 

Viscera  and  'remainder' 

In  the  visceral  group  (tables  1  and  2)  have  been  included  the 
brain,  spinal  cord,  hypophysis,  eyeballs,  parotid,  and  submaxil- 
lary glands,  as  well  as  the  thoracic  and  abdominal  viscera. 
The  visceral  group  in  the  acute-thirst  series  shows  a  loss  of  30.6 
per  cent  in  average  weight  and  in  the  chronic-thirst  series  42.2 
per  cent.  This  is  relatively  somewhat  less  than  the  corresponding 
loss  in  body  weight.  Thus  the  relative  (percentage)  weight  of 
the  visceral  group  is  not  much  changed,  although  (as  will  appear 
later)  there  is  great  variation  in  this  respect  among  the  individ- 
ual organs. 

The  'remainder'  includes  that  which  remains  after  dissecting 
from  the  rat  body  the  skin,  skeleton,  musculature,  and  the 
visceral  group  mentioned  above.  It  does  not  include  the  escaped 
blood  and  other  fluids.  It  includes  the  dissectable  fat  tissue, 
mesentery,  some  nerves  and  vessels,  a  few  small  unweighed 
organs,  and  lymphatic  glands.  The  latter  were  apparently 
enlarged  in  some  of  the  test  rats. 

The  'remainder'  shows  a  loss  of  72.7  per  cent  in  average  weight 
in  the  acute-thirst  series  and  of  88.8  per  cent  in  the  chronic  series. 
In  the  rat  (Si.  2)  on  total  inanition  (table  1)  the  corresponding 
loss  in  the  'remainder'  amounts  to  77.8  per  cent.  This  loss  is 
imdoubtedly  due  chiefly  to  the  loss  of  fat,  which  has  almost 
disappeared  in  the  test  rats. 
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Brain 

The  brain  in  some  cases  appeared  markedly  congested  at 
autopsy.  In  the  acute-thirst  series  the  brain  apparently  remains 
nearly  constant  in  average  weight  with  an  insignificant  increase 
of  0. 12  per  cent  (table  2) .  In  the  chronic-thirst  series  the  average 
brain  weight  lost  4.2  per  cent.  The  ininvidual  variations  are 
small  (table  1).  In  the  rat  (Si.  2)  on  total  inanition  the  corre- 
sponding apparent  loss  in  the  weight  of  the  brain  is  7.6  per  cent. 
The  mean  brain  weight  for. the  controls  was  about  7  per  cent 
below  the  table  value  for  rats  of  this  length  (Donaldson,  '15). 

The  data  available  in  the  literature  concerning  the  eflfects  of 
thirst  on  brain  weight  are  somewhat  contradictory.  Falck  and 
Scheflfer  ('54)  in  a  dog  losing  20.7  per  cent  in  body  weight,  noted 
an  apparent  gain  of  7.2  per  cent  in  brain  weight.  Bowin  ('80)  in 
rabbits  on  dry  food  with  50  per  cent  loss  in  body  weight,  noted 
an  absolute  decrease  (but  relative  increase;  amounts  not  stated) 
in  the  brain  weight.  Tobler  ('10),  in  three  dogs  after  experi- 
mental diarrhea  with  loss  of  22  to  30  per  cent  in  body  weight, 
observed  a'h  apparent  gain  of  4.2  to  13.7  per  cent  in  brain  weight. 
The  increase  in  weight  might  perhaps  be  due  partly  to  the  con- 
gestion or  to  indi\ddual  differences  between  the  test  animals  and 
the  controls. 

As  to  the  effects  of  ordinary  inanition,  it  has  long  been  known 
that  of  all  of  the  organs,  the  central  nervous  system  is  one  of  the 
most  resistant  to  changes  in  weight.  Jackson  ('15)  found  an 
apparent  loss  of  only  5  or  6  per  cent  in  the  brain  of  rats  subjected 
to  acute  or  chronic  inanition  (with  water)  and  cites  from  the 
literature  mmierous  data  indicating  little  or  no  change  in  brain 
weight  in  other  animals.  On  the  whole,  it  appears  evident 
that,  during  thirst,  both  acute  and  chronic,  as  well  as  during 
ordinary  acute  and  chronic  inanition  with  or  without  water, 
there  is  but  little  change  (usually  a  slight  decrease)  in  the  weight 
of  the  brain.  McCarrison  ('19),  as  an  effect  of  vitamine-deficient 
diets,  finds  an  apparent  slight  decrease  in  the  brain  weight  of 
pigeons,  but  an  increase  (average  1/7)  in  monkeys. 
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Spinal  cord 

The  spinal  cord,  like  the  brain,  sometimes  appeared  definitely- 
congested  at  autopsy.  In  the  acute-thirst  series  the  spinal  cord 
shows  an  apparent  increase  of  1.8  per  cent  in  average  weight,  and 
in  the  chronic-thirst  series  a  loss  of  6.7  per  cent  (table  2).  It  is 
evident  that  in  the  spinal  cord,  as  in  the  brain,  there  is  np  appre- 
ciable change  in  weight  during  acute  thirst  and  a  slight  loss  during 
chronic  thirst.  The  apparent  loss  of  16.7  per  cent  in  the  spinal 
cord  of  the  rat  (Si.  2)  on  total  inanition  (table  1)  is  probably  due 
to  an  individual  variation.  Falck  and  Scheflfer  ('54)  observed 
an  apparent  loss  of  7.1  per  cent  in  the  weight  of  the  spinal  cord 
of  a  dog  kept  on  dry  diet  with  a  loss  of  20.7  per  cent  in  body 
weight. 

Likewise  in  albino  rats  after  inanition  with  water,  Jackson 
('15)  noted  no  significant  change  in  the  weight  of  the  spinal  cord 
during  acute  inanition  and  a  loss  of  but  4  per  cent  during  chronic 
inanition.  He  cited  observations  of  several  previous  investi- 
gators who  obtained  similar  results  in  various  animals  during 
inanition  with  or  without  water. 

Sciatic  nerves 

In  order  to  study  the  effects  of  thirst  upon  the  weight  of  the 
peripheral  nerves,  sciatic  nerves  (nn.  ischiadici)  on  both  sides 
were  cut  proximally  at  the  exit  from  the  pelvic  cavity  in  the  thigh 
and  distally  at  the  middle  of  the  thigh.  As  seen  in  table  1,  the 
data  show  considerable  individual  variation,  so  no  stress  can  be 
laid  upon  differences  between  the  results.  In  the  acute-thirst 
series  (table  2)  the  nerves  show  an  apparent  loss  of  21.3  per  cent  - 
in  average  weight,  and  in  the  chronic-thirst  series  a  loss  of  22.1 
per  cent.  This  would  indicate  that  during  thirst  the  loss  in 
weight  is  relatively  greater  in  the  peripheral  than  in  the  central 
nervous  system.  No  observations  by  others  upon  this  point 
have  been  found  in  the  literature,  but  Doctor  Hatai  has  called 
my  attention  to  the  fact  that  there  is  a  large  amount  of  fat  usually 
present  in  the  normal  sciatic  nerve. 
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Eyeballs 

The  occurrence  of  conjunctival  congestion  (or  hemorrhage)  and 
the  opacity  of  the  lens  were  mentioned  under  'General  observa- 
tions/ Conjunctival  congestion  during  extreme  hmnan  thirst 
was  noted  by  Tiedemann  ('36)  and  conjunctival  infection  was 
reported  in  the  dog  by  Pernice  and  Scagliosi  C95).  Opacity  of 
the  lens  in  dehydrated  frogs  was  noted  in  some  cases  by  Durig 

Coi). 

As  shown  in  table  2,  the  eyeballs  in  my  acute-thirst  series  lose 

10.2  per  cent  in  average  weight,  and  in  the  chronic-thirst  series 

13.3  per  cent.  In  the  rat  (Si.  2),  on  total  inanition,  the  apparent 
loss  of  weight  in  the  eyeballs  is  13  per  cent.  In  a  dog  on  dry  diet 
with  loss  of  20.7  per  cent  in  body  weight,  Falck  and  Scheflfer  ('54), 
on  the  contrary,  found  an  apparent  gain  of  19.7  per  cent  (proba- 
bly due  to  an  individual  variation)  in  the  weight  of  the  eyeballs. 
During  inanition  with  water  in  the  albino  rat,  no  significant 
change  in  the  weight  of  the  eyeballs  was  found  by  Jackson  ('15), 
who  cites  a  few  similar  observations  by  previous  authors.  Bitsch 
('95)  found  the  absolute  weight  of  the  eyeballs  iA  the  dog  usually 
increased  during  inanition,  and  suggested  that  it  might  be  due  to 
edema.  Possibly  the  lack  of  available  water  during  thirst  may 
explain  the  decrease  in  the  weight  of  the  eyeballs  in  the  present 
experiments,  but  a  further  investigation  on  this  point  is  required 
before  a  final  conclusion  can  be  reached. 

Heart  and  axyrta 

Heart.  The  heart  in  the  acute-thirst  series  (table  2)  shows  a 
.  loss  of  30.6  per  cent  in  average  weight,  and  in  the  chronic-thirst 
series  a  loss  of  46.3  per  cent.  In  the  rat  (Si.  2),  after  total  inani- 
tion (table  1),  the  corresponding  apparent  loss  is  42.6  per  cent. 
Since  the  heart  during  thirst  loses  somewhat  less  in  weight  than 
does  the  body  as  a  whole,  it  increases  accordingly  in  relative 
(percentage)  weight. 

Few  data  in  the  literature  are  found  concerning  the  weight  of 
the  heart  during  thirst.  Falck  and  Scheffer  ('54)  noted  in  the 
dog  a  loss  of  4  per  cent  in  the  heart  and  aorta,  with  a  loss  of  20.7 
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per  cent  in  body  weight.  Bowin  ('80)  also  noted  in  rabbits  an 
absolute  decrease  (but  relative  increase)  of  weight  in  the  heart 
during  thirst.  Tobler  ('10)  obtained  variable  results  (+4.1  to 
—21.5  per  cent)  in  the  weight  of  heart  and  lungs  together  in  dogs 
subjected  to  experimental  diarrhea  with  loss  of  22.4  to  29.8  per 
cent  in  body  weight. 

After  inanition  of  albino  rats  with  water,  Jackson  ('15)  like- 
wise noted  that  the  loss  of  weight  in  the  heart  is  somewhat  less 
than  that  in  the  body  as  a  whole.  He  cites  data  from  several 
previous  observers  showing  similar  results  in  various  animals. 
An  atrophy  of  the  heart  in  pigeons  and  monkeys  on  vitamine- 
deficient  diets  has  recently  been  observed  by  McCarrison  ('19). 

Aorta.  The  aorta  was  cut  anteriorly  at  its  jimction  with  the 
heart  and  posteriorly  at  its  bifurcation.  All  the  branches  of  the 
aorta  were  clipped  close  to  the  vessel,  and  the  surrounding  fat  tis- 
sue and  lymphatic  nodules  were  removed.  The  blood  was  re- 
moved from  the  aorta,  and  the  vessel  was  weighed  in  two  controls, 
two  test  rats  in  acute-thirst,  and  seven  in  chronic-thirst  experi- 
ments (table  1). 

The  aorta  in  the  acute-thirst  rats  apparently  decreased  in 
average  weight  42.5  per  cent  and  in  the  chronic-thirst  44.6  per 
cent.  While  the  number  of  observations  (in  the  controls  and 
the  chronic  tests)  is  too  small  to  be  very  significant,  the  results 
indicate  that  the  loss  in  the  weight  of  the  peripheral  arteries  may 
be  fully  as  great  as  that  of  the  heart. 

Spleen 

The  spleen  at  autopsy  usually  appeared  small  and  atrophic. 
The  capsule  is  sometimes  thickened.  Upon  section,  the  pulp 
appeared  relatively  pale  brownish,  and  the  trabeculae  more 
prominent  than  in  the  normal  organ.  The  spleen  in  the  acute- 
thirst  series  (table  2)  shows  a  loss  of  66  per  cent  in  average 
weight  and  in  the  chronic-thirst  series  a  loss  of  73.3  per  cent.  In 
the  rat  (Si.  2),  after  total  inanition,  the  corresponding  apparent 
loss  in  the  weight  of  the  spleen  is  62.9  per  cent.  As  seen  from 
table  1,  the  weight  of  the  spleen,  even  in  normal  rats,  is  exceed- 
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ingly  variable.  And  yet  the  atrophy  in  both  acute  and  chronic 
tests  is  so  profound  that  the  results  are  unquestionable. 

Of  previous  investigators,  only  Falck  and  SchefiFer  ( •54)  record 
an  apparent  increase  of  9  per  cent  in  the  weight  of  the  spleen  in 
a  dog  on  dry  diet  (loss  in  body  weight,  20.7  per  cent).  Bowin 
('80)  found  a  decrease  in  both  absolute  and  relative  weight  of 
the  spleen  in  dogs  and  rabbits  with  loss  of  about  50  per  cent  in 
body  weight.  In  three  dogs,  after  experimental  diarrhea  (with 
loss  of  22.4  to  29.8  per  cent  in  body  weight),  Tobler  ('10)  found 
a  loss  of  32.5  to  75.9  per  cent  in  the  weight  of  the  spleen. 

In  albino  rats,  after  inanition  with  water,  Jackson  ('15)  noted 
an  average  loss  of  51  per  cent  in  the  spleen  in  the  acute  series 
(body  weight,  —33.9  per  cent)  and  of  29  per  cent  in  the  chronic 
series,  (body  weight,  —31.1  per  cent).  He  cites  similar  results 
by  nimaerous  obsprvers  in  man  and  various  animals  subjected  to 
inanition  with  or  without  water.  It  thus  appears  that  profound 
atrophy  of  the  spleen  is  not  characteristic  of  thirst,  but  usually 
appears  also  in  inanition  with  or  without  water.  As  an  effect  of 
vitamine-deficient  diets,  a  marked  atrophy  of  the  spleen  has  been 
observed  by  McCarrison  ('19)  in  pigeons,  and  a  less  marked 
atrophy  in  monkeys. 

Lungs 

The  characteristic  pathological  changes  due  to  lung  infection 
were  rarely  observed  in  my  test  rats,  although  slight  infection 
is  probably  responsible  in  part  for  the  abnormally  high  weight  in 
the  controls  (table  1).  The  average  weights  (table  2)  show  an 
apparent  loss  of  44  per  cent  in  the  weight  of  the-  lungs  in  the 
acute-thirst  series,  and  of  51.5  per  cent  in  the  chronic-thirst 
series.  In  the  rat  (Si.  2)  after  total  inanition  the  corresponding 
apparent  loss  is  52.7  per  cent.  If,  however,  the  normal  weight 
of  the  lungs  given  by  Donaldson  ('15)  be  taken  for  comparison, 
the  loss  of  weight  in  the  lungs  of  the  test  rats  would  be  only 
about  16  and  22  per  cent,  respectively,  in  the  acute-  and  chronic- 
thirst  series. 

Of  previous  observers  on  the  efifects  of  thirst,  Falck  and  Scheflfer 
('54)  noted  an  apparent  loss  of  26.9  per  cent  in  the  weight  of 
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lungs,  trachea,  and  pharynx,  in  a  dog  on  dry  diet  with  loss  of  20.7 
per  cent  in  body  weight.  Bowin  ('80)  concluded  that  the 
cHanges  in  the  weight  of  the  lungs  in  dogs  and  rabbits  on  dry 
diet  are  the  same  as  during  total  inanition. 

In  rats  after  inanition  with  water,  Jackson  ('15)  found  an 
apparent  loss  of  30.9  per  cent  in  the  lungs  of  the  acute  series  and 
40  per  cent  in  the  chronic  series,  which  was  roughly  proportional 
to  the  loss  in  body  weight.  He  cites  previous  observations  by 
others  indicating  that  the  loss  in  weight  of  the  lungs  during  inani- 
tion (with  or  without  water)  is  usually  less  than  that  of  the  body. 
McCarrison  ('19)  has  likewise  noted  a  decrease  in  the  weight  of 
the  lungs  in  monkeys  on  vitamine-deficient  diets. 

Parotid  and  submaxillary  glands 

The  parotid  glands  are  easily  removed  and  separated  from  the 
adjacent  lymphatic  nodules  and  facial  nerve.  The  submaxillary 
glands  were  similarly  isolated.  The  adjacent  lymphatic  glands 
sometimes  appeared  enlarged  in  the  test  rats,  in  contrast  with  the 
salivary  glands.  The  weights  of  the  submaxillary  glands  in  the 
controls  were  a  little  heavier  than  those  given  by  Hatai  ('18). 

The  parotid  glands  in  the  acute-thirst  series  show  a  loss  of 
57.6  per  cent  in  average  weight  (table  2)  and  in  the  chronic- 
thirst  series  a  loss  of  69.7  per  cent.  In  the  rat  (Si.  2)  on  total 
inanition  (table  1)  the  apparent  loss  in  the  weight  of  the  parotid 
glands  is  67.7  per  cent.  The  submaxillary  glands  similarly  lose 
47.1  per  cent  in  average  weight  in  the  acute-thirst  series,  and  64.5 
per  cent  in  the  chronic-thirst  series.  In  the  rat  (Si.  2),  after 
total  inanition,  the  apparent  loss  in  weight  of  the  submaxillary 
glands  is  63.3  per  cent. 

Thus  the  salivary  glands  during  thirst  and  after  total  inanition 
evidently  undergo  a  profound  atrophy,  decreasing  in  weight  rela- 
tively more  than  the  body  as  a  whole.  Falck  and  ScheflFer  ('54) 
similarly  found  a  loss  of  33.7  per  cent  in  the  weight  of  the  salivary 
glands  in  a  dog  on  dry  diet  with  loss  of  20.7  per  cent  in  body 
weight.  McCarrison  ('19)  finds  an  atrophy  of  the  submaxillary 
glands  in  monkeys  on  vitamine-deficient  diets. 
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lAver 

At  autopsy,  the  liver  usually  appears  somewhat  hyperemicy 
the  capsule  bemg  normal.  In  the  acute-thirst  series  (table  2) 
the  liver  shows  a  loss  of  37  per  cent  in  average  weight  and  in  the 
chronic-thirst  series  a  loss  of  55.3  per  cent.  In  the  rat  (Si.  2) 
after  total  inanition  (table  1)  the  apparent  loss  in  weight  of  the 
liver  is  53  per  cent.  Thus  it  is  evident  that  the  liver  during 
thirst  has  lost  weight  in  nearly  the  same  proportion  as  the  whole 
body,  but  relatively  more  in  the  chronic-thirst  series  and  during 
total  inanition. 

Of  other  investigators  on  the  effects  of  thirst,  Falck  and  Scheffer 
('54)  found  a  loss  of  25.3  per  cent  in  the  liver  weight  (body  weight, 
—20.7  per  cent).  In  dogs  and  rabbits  with  loss  of  50  per  cent 
in  body  weight,  Bowin  ('80)  found  the  loss  in  liver  weight  sunilar 
to  that  during  total  inanition.  Finally,  in  three  dogs  after  exper- 
imental diarrhea  with  loss  in  body  weight  of  22.7  to  29.8  per 
cent,  Tobler  ('10)  noted  a  loss  of  17.9  to  34.8  per  cent  in  the 
weight  of  the  liver. 

In  albino  rats  subjected  to  inanition  with  water,  Jackson  ('15) 
obtained  a  loss  of  58  per  cent  in  the  acute  tests  (body  weight, 
—33.9  per  cent)  and  of  43  per  cent  in  the  chronic  tests  (body 
weight,  —36.1  per  cent).  He  cites  nimaerous  data  from  previous 
observers  indicating  that  in  man  and  other  species  the  liver 
invariably  decreases  markedly  in  weight  during  inanition  (with  or 
without  water) .  The  loss  is  nearly  always  relatively  greater  than 
that  of  the  body  as  a  whole.  Lasarew  ('95)  found  that  the  loss 
in  the  weight  of  the  liver  in  the  guinea-pig  is  relatively  greater 
during  the  earlier  stages  of  inanition.  McCarrison  ('19)  finds  an 
atrophy  of  the  liver  of  pigeons  and  monkeys  on  vitamine-deficient 
diets. 

Pancreas 

The  pancreas,  especially  in  the  case  of  the  thirst  experiments, 
appears  atrophic  and  is  rather  diflScult  to  dissect  out  from  the 
surrounding  adipose  tissue,  omentima,  and  lymphatic  glands. 
The  pancreas  in  the  acute-thirst  series  shows  a  loss  of  53.1  per 
cent  in  average  weight  (table  2),  and  in  the  chronic-thirst  series 
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-a  loss  of  52.7  per  cent.  In  the  rat  (Si-  2),  after  total  inanition, 
the  corresponding  apparent  loss  in  weight  of  the  pancreas  (table 
1)  is  58.6  per  cent.  Thus  the  relative  loss  appears  to  be  similar 
to  that  in  the  combined  salivary  glands,  though  somewhat  less 
during  chronic  inanition. 

In  a  dog  on  dry  diet  with  loss  of  20.7  per  cent  in  body  weight, 
Falck  and  Scheffer  ('54)  found  a  loss  of  36.1  per  cent  in  the  weight 
of  the  pancreas.^  Similarly,  Lukjanow  ('89)  observed  a  loss  of 
54.4  per  cent  in  the  weight  of  the  pancreas  (body  weight,  —34 
per  cent)  in  pigeons  after  total  inanition.  These  results  are  in 
fair  agreement  with  my  observations  on  rats.  Atrophy  of  the 
pancreas  was  also  observed  by  McCarrison  ('19)  in  pigeons  and 
monkeys  on  vitamine-deficient  diets. 

Stomach  and  intestines 

.  In  two  cases  of  acute  thirst  ulceration  and  hemorrhage  of  the 
stomach  were  observed  in  the  mucosa  near  the  cardia.  The 
digestive  tube,  from  the  level  of  the  diaphragm  to  the  anus,  was 
removed  and  separated  from  the  pancreas,  mesentery,  etc.,  and 
weighed  with  and  without  contents. 

Tlie  stomach  and  intestines,  including  their  contents  in  acute 
thirst,  show  an  apparent  loss  of  36.4  per  cent  in  average  weight, 
and  in  chronic  thirst  a  loss  of  28.3  per  cent  (table  2).  In  the  rat 
(Si.  2)  after  total  inanition  (table  1)  the  apparent  loss  is  greater, 
amounting  to  62.1  per  cent. 

The  stomach  and  intestines,  without  contents,  in  the  acute- 
thirst  series  show  a  loss  of  29.1  per  cent  in  average  weight,  and 
in  the  chronic-thirst  series  a  loss  of  31.8  per  cent  (table  2).  In 
the  rat  (Si.  2)  after  total  inanition  (table  1)  the  corresponding 
apparent  loss  is  20.3  per  cent.  In  all  cases  the  loss  is  relatively 
less  in  the  stomach  and  intestines  than  in  the  body  as  a  whole. 

In  a  dog  on  dry  diet  with  loss  of  20.7  per  cent  in  body  weight, 
Falck  and  Scheffer  ('54)  noted  an  apparent  loss  of  7.6  per  cent  in 
the  weight  of  the  stomach  and  of  17.9  per  cent  in  that  of  the 
intestines.  In  three  dogs  after  experimental  diarrhea  with  loss 
of  22  to  30  per  cent  in  body  weight,  Tobler  ('10)  found  apparent 
losses  of  2.5  to  34.5  per  cent  in  the  weight  of  intestinal  tract. 
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Following  the  inanition  of  albino  rats  with  water,  Jackson  ('15) 
found  a  loss  of  57  per  cent  in  the  gastro-intestinal  tract  of  both 
the  acute-  and  chronic-inanition  series  (body  weight  loss  33.9 
and  36.1  per  cent).  He  cites  previous  observations  by  Sedlmair 
('99),  indicating  in  the  cat  during  inanition  a  loss  in  the  intestinal 
tract  proportional  to  that  in  body  weight,  and  a  relatively  smaller 
loss  observed  by  Voit  ('66).  McCarrison  ('19)  finds  marked 
inflammatory  changes  with  degenerative  atrophy  of  the  gastric 
and  intestinal  mucosa  in  pigeons,  guinea-pigs,  and  monkeys  on 
vitamine-deficient  diets. 

Kidneys  and  bladder 

Kidneys.  At  autopsy  the  kidneys  usually  appear  hyperemic. 
In  a  few  cases  the  surface  was  roughened.  The  capsule  is  easily 
removed.  The  kidneys  in  the  acute-thirst  series  (table  2)  show 
a  loss  of  23.8  per  cent  in  average  weight  and  in  the  chronic-thirst 
series  a  loss  of  31.4  per  cent.  In  the  rat  (Si.  2)  after  total  inani- 
tion (table  1)  the  apparent  loss  in  the  weight  of  the  kidneys  is 
30.6  per  cent.  In  all  of  these  it  appears  that  the  kidneys  lose 
in  weight  relatively  less  than  the  body  as  a  whole,  thus  gaining 
m  relative  (percentage)  weight. 

In  thirst  experiments  on  the  dog,  Falck  and  Schefifer  ('54) 
likewise  found  the  loss  in  the  kidneys  and  ureters  (—8.7  per 
cent)  less  than  in  the  whole  body  ( —20.7  per  cent).  Tobler  ('10) 
found  in  three  dogs  after  experimental  diarrhea  a  loss  of  5.64,  to 
30.1  per  cent  in  kidney  weight  (body  weight  loss  22  to  30  per  cent) . 
Durig  ('01),  however,  in  dehydrated  frogs  found  a  relative 
increase  in  the  weight  of  the  kidneys. 

In  rats  after  inanition  with  water,  Jackson  ('15)  found  a  loss  of 
25.5  per  cent  in  the  acute  series  (body  weight,  *-33.9  per  cent) 
and  of  26.8  per  cent  in  the  chronic  series  (body  weight,  —36.1 
per  cent).  He  cites  results  from  previous  observers  likewise 
indicating  for  other  animals  (in  most  cases)  a  loss  in  kidney 
weight  relatively  less  than  in  body  weight  in  inanition  with  or 
withput  water.  McCarrison  ('19)  likewise  finds  an  atrophy  of 
the  kidneys  in  pigeons  and  monkeys  on  vitamine-free  diets. 


Digitized  by  VjOOQ IC 


EFFECTS   OF  THIRST-^ALBINO   RATS  421 

Bladder.  The  urinary  bladder  was  isolated  from  the  surround- 
ing adipose  tissue  and  peritoneum.  At  autopsy  the  bladder  is 
always  empty  and  contracted;  its  mucosa  appeared  hyperemic. 
Unfortunately,  the  weights  were  recorded  in  only  a  few  cases 
(table  1).  The  bladder  in  the  test  animals  (table  2)  shows  in 
average  weight  an  apparent  loss  of  39.7  per  cent  in  the  acute- 
thirst  series  and  of  46.9  per  cent  in  the  chronic-thirst  series.  Al- 
though the  observations  are  too  few  for  definite  conclusions,  it 
appears  that  the  loss  of  weight  in  the  bladder  is  relatively  greater 
than  in  the  kidney,  and  is  more  nearly  proportional  to  that  of  the 
body  as  a  whole.  Falck  and  Scheffer  ('54)  in  a  dog  on  a  dry  diet 
found  an  apparent  loss  of  34.9  per  cent  in  the  weight  of  the  blad- 
der (body  weight,  -20.4  per  cent). 

Testes 

The  testes  during  thirst,  especially  in  the  chronic-thirst  series, 
appear  atrophic  and  often  become  softer  than  in  the  controls. 
The  test  rats  show  no  spermatozoa  in  the  ductus  deferens  or 
seminal  vesicles. 

In  the  acute-thirst  series  the  testes  apparently  lose  only  15.1 
per  cent  in  average  weight,  but  in  the  chronic-thirst  series  the 
loss  is  59.9  per  cent  (table  2).  In  the  rat  (Si.  2)  after  total 
inanition  (table  1)  the  corresponding  apparent  loss  is  36.9  per 
cent.  In  a  dog  on  dry  diet,  Falck  and  Scheffer  noted  an  appar- 
ent loss  of  23.5  per  cent  in  the  weight  of  the  testes  and  penis 
(body  weight,  -20.7  per  cent). 

In  albino  rats  after  inanition  with  water,  Jackson  ('15)  found 
the  loss  in  weight  of  the  testes  is,  relatively,  slightly  less  than  that 
of  the  body  as  a  whole  during  acute  inanition,  and  slightly 
greater  than  that  during  chronic  inanition.  In  the  cat  a  relative 
decrease  in  the  weight  of  the  testis  during  inanition  was  observed 
by  Voit  C66).  McCarrison  ('19)  finds  a  marked  atrophy  of  the 
testis  in  pigeons  on  vitamine-free  diets  and  a  less  marked  atrophy 
in  monkeys. 
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Epididymis 

The  epididymis  in  the  acute-thirst  series  (table  2)  shows  a 
loss  of  30  per  cent  in  average  weight  and  in  the  chronic-thirst 
series  a  loss  of  64.8  per  cent.  In  the  rat  (Si.  2)  after  total  inani- 
tion (table  1),  the  corresponding  apparent  loss  in  weight  of  the 
epididymis  is  55.8  per  cent.  In  all  cases,  therefore,  the  loss 
appears  slightly  greater  (relatively)  in  the  epididymis  than  in  the 
testis.  Jackson  ('15)  concluded  that  in  the  albino  rat  after  inani- 
tion with  water  the  loss  in  weight  of  the  epididymis  is  relatively 
not  very  different  from  that  in  the  testis.  , 

Thyroid  gland 

The  thyroid  gland  in  the  acute-thirst  series  undergoes  a  loss  of 
23.9  per  cent  in  average  weight,  and  in  the  chronic-thirst  series  a 
loss  of  33.1  per  cent.  In  the  rat  (Si.  2),  after  total  inanition 
(table  1),  the  apparent  loss  in  weight  of  the  thyroid  is  41.7  per 
cent.  In  a  dog  on  a  dry  diet,  Falck  and  Scheflfer  (^54)  noted  an 
apparent  loss  of  30  per  cent  in  the  weight  of  the  thyroid  (body- 
weight,  —20.7  per  cent).  In  acute  inanition  with  water,  Jackson 
('15)  found  in  the  thyroid  of  the  albino  rat  a  loss  in  weight  pro- 
portional to  that  of  the  whole  body  (about  34  per  cent),  and  dur- 
ing chronic  inanition  with  water  a  loss  of  21.8  per  cent  (body 
weight,  —36.1  per  cent).  The  extent  of  the  loss  in  weight  of  the 
thyroid  during  inanition  appears  quite  variable,  due  in  part  to 
the  difl&culty  in  dissecting  out  the  gland  uniformly.  McCarrison 
('19)  noted  a  slight  atrophy  of  the  thyroid  in  pigeons  and  mon- 
keys on  vitamine-free  diets. 

Thymus 

In  the  acute-thirst  series  the  thymus  (table  2)  shows  an  appar- 
ent loss  of  78.1  per  cent  in  average  weight  and  in  the  chronic- 
thirst  series  a  loss  of  90  per  cent.  There  is  some  uncertainty 
about  these  conclusions,  however,  as  the  age  of  the  rats  is  un- 
known in  some  cases.  It  has  been  shown  (Jackson,  '13;  Hatai, 
'14)  that  the  thymus  in  the  rat  normally  undergoes  an  age  involu- 
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tion,  and  the  smaller  weight  of  the  thymus  in  the  test  rats  may 
be  partly  due  to  their  greater  age.  The  weight  of  the  thymus  in 
the  test  rats  is  far  below  the  normal  for  the  corresponding  age, 
however. 

In  a  dog  on  dry  diet,  Falck  and  Scheffer  ('54)  observed  an 
apparent  loss  of  63.1  per  cent  (body  weight,  —20.7  per  cent). 
Hammar  ('06)  has  shown  the  general  occurrence  of  himger  invo- 
lution of  the  thjrmus  during  inanition,  which  has  been  thoroughly 
investigated  in  the  rabbit  by  Jonson  ('09) .  McCarrison  ('19)  has 
likewise  noted  a  very  great  atrophy  of  the  thymus  in  pigeons  and 
monkeys  on  vitamine-deficient  diets. 

Suprarenal  glands 

Since  the  suprarenal  glands  normally  show  a  sexxial  difference 
in  weight  from  the  age  of  about  six  weeks,  the  sexes  must  be  con- 
sidered separately.  In  the  following  discussion,  the  data  concern 
only  the  males. 

In  the  acute-thirst  series  the  suprarenal  glands  show  a  loss  of 
21.3  per  cent  in  average  weight  (table  2),  while  in  the  chronic- 
thirst  series  there  is  an  apparent  loss  of  27.1  per  cent.  In  the 
latter  case,  the  initial  body  weight  of  the  (three)  male  controls  is 
about  3  per  cent  greater  than  that  of  the  test  rats,  so  there  is 
definite  loss  in  the  weight  of  the  suprarenals  during  the  thirst 
experiments.  In  the  rat  (Si.  2)  after  total  inanition  (table  1), 
the  apparent  decrease  in  weight  of  the  suprarenals  amounts  to 
16.6  per  cent. 

No  data  were  found  in  the  literature  concerning  the  weight 
of  the  suprarenal  glands  during  thirst.  During  inanition  of  al- 
bino rats  with  water,  Jackson  ('15)  found  in  the  acute-inanition 
series  an  apparent  increase  of  1.5  per  cent  in  weight  and  in  the 
chronic-inanition  series  a  decrease  of  8.9  per  cent  (loss  in  body 
weight,  33.9  and  36.1  per  cent,  respectively).  It  therefore  ap- 
pears that  during  inanition  with  water  the  suprarenal  glands  are 
more  resistant  to  changes  in  weight  than  they  are  during  thirst 
and  total  inanition.  In  pigeons,  guinea-pigs,  and  rabbits  on 
vitamine-deficient  diets,  McCarrison  ('19)  finds  a  definite  increase 
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in  the  weight  of  the  suprarenals.  In  scorbutic  guinea-pigs  he 
finds  the  weight,  even  doubled,  but  associated  with  degenerative 
changes. 

Hypophysis 

In  the  case  bf  the  hypophysis,  as  with  the  suprarenal  glands, 
there  is  normally  a  sexual  difference  in  weight  (Hatai,  '13). 
Males  only  are  considered  in  the  following  discussion. 

The  hypophysis  in  the  acute-thirst  series  shows  an  apparent 
loss  of  1.7  per  cent  (in  an  average  weight)  and  in  the  chronic- 
thirst  series  a  gain  of  1.7  per  cent.  These  differences  are  too 
small  to  be  considered  significant.  The  apparent  increase  of  8.3 
per  cent  in  the  weight  of  the  hypophysis  in  rat  Si.  2  (table  1)  on 
total  inanition  is  perhaps  due  to  an  individual  variation. 

No  data  have  been  found  in  the  Uterature  concerning  the 
changes  of  weight  in  the  hypophysis  during  thirst.  In  albino 
rats  after  inanition,  with  water,  Jackson  ('15)  found  the  weight 
of  the  hypophysis  apparently  decreased  relatively  slightly  less 
than  the  whole  body.  It  would  therefore  appear  that  during 
inanition  with  water  there  is  a  marked  loss  in  the  weight  of  the 
hypophysis,  whereas  during  the  thirst  experiments  and  total  in- 
anition it  remains  more  nearly  constant.  McCarrison  ('19)  finds 
as  result  of  vitamine-deficient  diets  the  hypophysis  (glandular 
lobe)  slightly  increased  in  pigeons,  and  usually  so  in  monkeys. 

DISCUSSION 

The  changes  in  the  absolute  weights  of  the  various  systems  and 
organs  as  a  result  of  thirst  in  the  adult  albino  rats  are  summarized 
in  table  2.  While  (as  previously  stated)  no  great  emphasis  can 
be  laid  upon  the  exact  values,  it  is  apparent  that,  with  reference 
to  the  relative  loss  in  weight  during  the  thirst  experiments,  the 
various  organs  and  systems  may  be  divided  into  three  groups. 

In  the  first  group,  the  loss  of  the  organs  in  weight  is  relatively 
greater  than  that  for  the  whole  body.  In  the  second,  the  loss 
is  less  than  that  for  the  entire  body — but  more  than  half  as 
great — and  finally  in  the  third  group  it  is  less  than  half  that  for 
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TABLE  2 

Average  tpeighU  for  controls  and  test  rcUs  in  the  thirst  experiments,  with  percentage 

difference.    Data  from  table  1 


Initial  gross  body  weight . 
Final  gross  body  weight .  . 


Integument 

Ligamentous  skeleton 

Cartilaginous  skeleton 

Hiunerus  (2)  and  femur  (2) . 

Musculature 

Visceral  group 

'Remainder* 

Brain 

Spinal  cord 

Sciatic  nerves 

Eyeballs 

Heart 

Aorta* 

Spleen 

Lungs 

Parotid  glands 

Submaxillary  glands 

Liver 

Pancreas 

Stomach-intestines  (filled) . 
Stomach-intestines  (empty) 

Kidneys 

Bladder* 

Testes* 

Epididymides* 

Thyroid 

Thymus 

Suprarenals* 

Hypophysis* 


AccTs  thibbt:  6  to  16  days 


Averace  weight  in 


Controla     Teet  rats 
(3  males)     (8  males) 


granu 

218.3 
218.3 

41.93 
20.24 
16.34 
2.08 
88.7 
26.2 
15.16 
1.766 
0.620 
0.055 
0.303 
0.848 
0.129 
0.638 
1.94 
0.160 
0.489 
7.21 
0.93 
13.78 
6.16 
1.87 
0.109 
2.33 
0.806 
0.0180 
0.187 
0.0409 
0.0060 


granu 
218.8 
139.6 

28.54 
19.36 
14.41 
1.64 
59.3 
18.2 
4.14 
1.768 
0.629 
0.043 
0.272 
0.589 
0.074 
0.217 
1.09 
0.068 
0.258 
4.54 
0.43 
8.77 
4.36 
1.43 
0.065 
1.98 
0.666 
0.0137 
0.041 
0.0322 
0.0059 


Difference 


per  cent 
+0.2 

-36.1 

-31.9 
-4.3 
-11.8 
-21.1 
-33.1 
-30.6 
-72.7 
4-0.12 
+1.8 
-21.3 
-10.2 
-30.6 
-42.5 
-66.0 
-44.0 
-57.6 
-47.1 
-37.0 
-53.1 
-36.4 
-29.1 
-23.8 
-39.7 
-15.1 
-30.0 
-23.9 
-78.1 
-21.3 
-1.7 


CHRONIC  THIB8T:  47  TO  66  DATS 


Average  weight  in 


Controls     Test  rats 
(3  m..  If.)   (7  males) 


gramt 
211.8 
211.8 

40.16 
20.07 
16.22 
1.95 
86.6 
25.4 
16.72 
1.742 
0.546 
0.052 
0.303 
0.819 
0.129 
0.627 
1.94 
0.154 
0.462 
7.40 
0.84 
13.23 
6.01 
1.89 
0.109 
2.33 
0.806 
0.0178 
0.145 
0.0409 
0.0060 


gramt 
211.3 
100.9 

21.27 
18.00 
14.46 
1.62 
33.6 
14.6 
1.76 
1.668 
0.509 
0.040 
0.263 
0.440 
0.072 
0.167 
0.94 
0.047 
0.164 
3.31 
0.40 
9.49 
4.10 
1.29 
0.058 
0.93 
0.283 
0.0119 
0.015 
0.0296 
0.0061 


Difference 


per  cent 

-0.2 
-52.4 

-47.0 
-10.3 

-6.0 
-12.1 
-61.2 
-42.2 
-88.8 

-4.2 

-6.7 
-22.1 
-13.3 
-46.3 
-44.6 
-73.3 
-51.5 
-69.7 
-64.6 
-65.3 
-62.7 
-28.3 
-31.8 
-31.4 
-46.9 
-69.9 
-64.8 
-33.1 
-90.0 
-27.1 

+1.7 


*  In  these  cases  the  number  of  observations  does  not  include  all  the  members 
of  the  group,  as  explained  in  the  text  (table  1). 
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the  entire  body.  In  three  organs  m  this  last  group  there  is 
apparently  a  slight  gain.  To  make  the  comparison  of  the  results 
in  this  manner,  the  data  have  been  arranged  as  in  table  3. 

In  addition  to  the  organs  listed  in  table  3,  the  few  observationi» 
on  the  bladder  and  aorta  (table  2)  during  thirst,  both  acute  and 
chronic,  indicate  that  these  organs  suffer  a  marked  loss  in  weight. 

If  we  compare  the  changes  in  weight  of  the  organs  or  systems 
during  acute  thirst  with  those  during  chronic  thirst;  it  appears 
that  they  are,  on  the  whole,  very  similar,  making  due  allowance 
for  the  greater  loss  of  body  weight  in  the  chronic-thirst  series. 
In  a  few  organs,  however,  there  is  a  considerable  difference. 
For  example,  the  testis,  epididymis,  and  musculatiu'e  suffer  rela- 
tively a  much  heavier  loss  in  weight  in  the  chronic-thirst  series 
than  in  the  acute-thirst  series. 

On  the  whole,  however,  it  is  evident  that  the  results  in  the  two 
series  are  remarkably  similar  to  each  other,  and  also  (especially 
the  chronic  series)  to  those  obtained  in  the  rat  after  total 
inanition. 

A  further  study  of  the  data  for  the  acute-thirst  series  (tables 
2  and  3)  shows  that  the  large  losses  in  weight  are  suffered  by  'the 
remainder'  (composed  mainly  of  fat,  lymphatic  glands,  etc.),  the 
integument  (carrying  fat),  the  visceral  group  (highly  cellular),  and 
the  musculature,  parts  which  taken  together  represent  about  80 
per  cent  of  the  gross  weight  of  the  control  rats.  It  is  evident 
from  this  that  variations  in  the  loss  of  other  parts  or  organs  will 
modify  but  slightly  the  total  losses  observed. 

Comparing  my  results  on  thirst  with  the  changes  in  weight  of 
organs  and  systems  of  the  albino  rat  foiuid  by  Jackson  ('15)  dur- 
ing inanition  with  water,  there  appears  a  surprising  degree  of 
similarity.  There  are,  of  course,  some  organs  which  are  more  or 
less  different.  For  instance,  the  thyroid  gland,  suprarenals,  and 
intestinal  tract  apparently  suffer  a  greater  loss  during  thirst  than 
during  inanition  with  water;  but  it  is  somewhat  doubtful  whether 
the  difference  is  due  entirely  to  the  difference. in  diet.  The 
changes  in  the  chronic  series,  either  on  a  dry  diet  or  with  water, 
might  possibly  be  due  in  part  to  lack  of  vitamines  in  the  diet; 
but  this  could  hardly  be  the  case  in  the  acute  series,  where  the 


Digitized  by  VjOQQIC 


EFFECTS   O'P  THIRST — ^ALBINO   RATS 


427 


TABLE  3 
Based  on  table  2  and  on  table  1-^for  complete  inanition.  The  percentage  losses  are 
given  in  three  groups  and  in  a  regularly  descending  order  for  the  series  subjected 
to  acute  thirst.  In  the  series  for  chronic  thirsty  and  in  the  one  rat  after  complete 
inanition  J  the  losses  are  entered  in  the  same  order  as  in  the  acute-thirst  series. 
In  the  last  two  series  the  values  do  not  decrease  regularly,  but  the  arrangement 
facilitates  comparison  betxveen  the  several  series 


▲COTE  THIBflrr    CHBONIC  TBIBBT 


COMPLETE 
INANITION 


Organs  showing  a  loss  in  weight  greater  than  that  of  the  entire  body 


Loss  of  weight  for  entire  body 

Organ  or  part 

Thymus 

Remainder 

Spleen 

Parotid  glands 

Pancreas 

Submaxillary  glands 

Lungs 

Liver ,  .* 

Stomach  and  intestines  (filled) . 


per  cent 

36.1 

-78.1 
-72.7 
-66.0 
-57.6 
-53.1 
-47.1 
-^14.0 
-37.0 
-36.4 


per  cent 
62.4 

-90.0 
-88. 8 
-73.3 
-69.7 
-62.7 
-64.5 
-51.5 
-56.3 
-28.3 


per  cent 
47.2 


-77.8 
-62.9 
-67.6 
-58.6 
-63.3 
-52.7 
-53.0 
-52.4 


Organs  showing  a  percentage  loss  in  weight  less  than  that  for  the  entire  body- 
but  more  than  half  as  great 


Organ  or  part 

Musculature 

Integument 

Heart 

Visceral  group 

Epididymides 

Stomach  and  intestines  (empty). 

Thyroid 

Kidneys 

Suprarenals 

Humerus  Femur 


-33.1 
-31.9 
-30.6 
-30.6 
-30.0 
-29.1 
-23.9 
-23.8 
-21.3 
-21.1 


61.2 

-39.2 

47.0 

-42.5 

46.3 

-42.6 

42.2 

-38.7 

64.8 

-55.8 

31.8 

-20.3 

33.1 

-41.7 

31.4 

-30.5 

27.1 

-16.6 

12.1 

Organs  showing  a  percentage  loss  in  weight  less  than  half  that  for  the  entire  body 


Organ  or  part 

Testes 

Cartilaginous  skeleton. 

Eyeballs 

Ligamentous  skeleton . . 

Hypophysis 

Brain 

Spinal  cord 


-36.9 
-34.1 
-13.0 

-1-8.3 

-7.6 

-16.7 
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resulting  changes  in  organ  weights  are  in  general  very  similar, 
although  the  experiments  lasted  but  a  few  days.  The  extensive 
investigations  of  McCarrison  ('19),  however,  have  shown  that 
in  animals  (pigeon,  guinea-pig,  monkey)  on  vitamine-deficient 
diets  the  various  organs  present  atrophic  changes,  which  resemble 
and  are  in  some  way  related  to  those  occurring  in  ordinary 
inanition. 

The  evident  fact  that  the  changes  in  organ  weights  in  the 
present  thirst  experiments  are  in  general  very  similar  to  those 
foimd  during  total  inanition  and  in  partial  inanition  of  various 
kinds,  may  perhaps  be  explained  in  one  of  two  ways.  Either 
the  effects  of  thirst  closely  resemble  those  of  general  inanition 
(perhaps  in  some  way  interfering  with  the  normal  process  of 
metabolism)  or  they  are  masked  and  overshadowed  to  a  large 
extent  by  the  inanition  which  necessarily  accompanies  the  thirst 
experiments,  due  to  the  inadequate  food-intake.  Further 
research  will  be  necessary  before  this  problem  can  be  solved. 

SUMMARY 

The  more  important  results  of  the  present  investigation  may  be 
smnmarized  briefly  as  follows: 

In  the  acute-thirst  experiments,  lasting  from  six  to  sixteen  days, 
the  amount  of  water  in  the  diet  was  greatly  reduced  in  eight  test 
rats,  resulting  in  a  loss  of  36.1  per  cent  in  the  average  gross  body 
weight  in  a  few  days.  The  corresponding  percentage  changes  in 
the  organs  are  most  readily  seen  in  table  3. 

In  the  chronic-thirst  experiments,  lasting  from  forty-seven  to 
fifty-five  days,  the  amount  of  water  in  the  diet  was  not  so  greatly 
reduced,  resulting  in  a  more  gradual  but  greater  loss  of  body 
weight,  the  loss  in  average  weight  of  seven  test  rats  being  52.4 
per  cent  in  about  seven  weeks.  The  corresponding  percentage 
changes  in  the  various  parts  are  most  readily  seen  in  table  3. 

In  a  single  rat,  after  total  inanition,  the  loss  in  body  weight 
was  47.2  per  cent  in  eleven  days.  The  apparent  loss  in  the 
individual  parts  is  very  similar  to  that  during  thirst  (especially 
the  chronic)  series  (table  3),  making  due  allowance  for  the  differ- 
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ence  in  the  loss  in  body  weight  and  the  probability  of  individual 
variation  in  a  single  specimen. 

The  striking  similarity  in  the  changes  in  organ  weights  pro- 
duced in  the  thirst  and  total  inanition  experiments  is  confirmed 
by  the  data  from  previous  investigators  as  to  the  effects  of  total 
and  partial  inanition,  with  or  without  water,  in  the  rat  and 
other  animals.  It  is  yet  uncertain  whether  this  is  because  the 
primary  effect  of  thirst  is  the  same  as  that  of  other  forms  of  inan- 
ition or  whether  the  thirst  effects  are  largely  obscured  by  the 
accompanying  inanition  due  to  inadequate  food  intake, 
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It  has  been  shown  by  various  investigators  that  if  young  ani- 
mals are  underfed  so  as  to  prevent  an  increase  in  body  weight, 
changes  nevertheless  occur  in  various  parts  of  the  body.  Some 
organs  remain  nearly  constant  in  weight,  others  lose,  and  still 
others  show  a  remarkably  persistent  growth  in  spite  of  the  under- 
feeding. Since  for  growth  water  is  no  less  essential  than  food 
(as  demonstrated  for  the  human  infant  by  Meyer,  '13),  it  is  of 
interest  to  determine  whether  similar  changes  occur  in  the  organs 
of  young  animals  in  which  growth  is  prevented  by  a  restriction  of 
the  water  in  the  diet.  The  present  investigation  was  undertaken 
for  this  purpose. 

The  work  was  done  in  the  Institute  of  Anatomy  of  the  Uni- 
versity of  Minnesota.  This  opportunity  is  taken  to  express  my 
indebtedness  to  Dr.  C.  M.  Jackson,  Director  of  the  Department, 
for  valuable  aid  and  direction. 

MATERIAL  AND  METHODS 

The  albino  rat  (Mus  norvegicus  albinus)  was  chosen  as  the  most 
convenient  form  for  experiment.  Postnatal  growth  norms  for  the 
body  and  various  organs  are  availably  for  comparison  (Donaldson, 
'15).  The  changes  in  the  weights  of  the  organs  have  also  been 
studied  in  young  rats  during  underfeeding  (Jackson,  '15  a;  Stew- 
art, '18,  '19)  and  in  adult  rats  on  a  dry  diet  (Kudo,  '21). 

The  material  used  in  the  present  experiment  included  fifty-six 
individuals  in  all.  The  forty-one  survivors  (from  eight  litters) 
are  hsted  in  table  1.  In  the  first  column  the  letter  (K)  indicates 
the  series,  the  number  preceding  the  decimal  point  designates  the 
the  Utter,  and  the  number  following  is  for  the  individual  rat. 
The  letter  "m"  signifies  male;  "f "  female.  Litters  K5,  K7,  K8,  K9, 
KIO,  Kll,  K12,  K13,  and  K14  include,  respectively,  4,  1,  5,  2, 
8,  3,  5,  2,  and  11  individuals.  These  include  17  males  and  24 
females,  a  total  of  41.  In  addition  15  rats  died  during  the  test. 
They  are  excluded  from  the  tables  because  the  coagulated  blood 
due  to  postmortem  congestion  might  affect  the  weights  of  the 
organs. 

In  most  cases  the  experiment  began  when  the  rats  were  about 
four  weeks  of  age.  Some  of  the  experiments  began  at  the  age  of 
three  weeks  (time  of  weaning),  but  most  of  these  rats  died. 
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Of  the  41  rats  listed,  11  were  used  for  controls  and  the  other 
30  for  the  tests.  The  test  rats  were  held  at  nearly  constant  body- 
weight  for  varying  periods  as  follows:  for  about  1  week  (3  fe- 
males) ;  2  weeks  (2  males,  1  female) ;  3  weeks  (4  males,  2  females) ; 
4  weeks  (2  males) ;  5  weeks  (2  males,  2  females) ;  6  weeks  (1  male, 
1  female);  7  weeks  (1  male,  3  females);  8  weeks  (1  female);  9 
weeks  (1  male,  2  females);  11  weeks  (1  female);  and  13  weeks 
(1  female).  Of  the  30  test  rats  listed  in  table  1,  one  (K9.2  m.) 
of  the  9-weeks'  group  was  omitted,  on  account  of  its  large  body 
weight,  from  the  corresponding  group  in  table  2. 

Eight  normal  controls  (3  males,  5  females)  were  killed  at  the 
beginning  of  the  experiment.  The  additional  normal  controls 
(K5.2,  K  5.3,  K  8.5)  were  killed  at  the  end  of  the  time  periods 
indicated.  These,  and  also  two  of  the  other  controls  (K7.1  and 
K9.1)  are  not  used  in  table  2,  because  their  body  weights  are  too 
great  for  direct  comparison  with  the  test  rats.  A  large  number 
of  observations  upon  normal  rats  previously  published  by  Don- 
aldson, Hatai,  Jackson,  Lowrey,  and  others  are  also  available  for 
comparison. 

During  the  experiment  the  rats  were  kept  each  in  a  separate 
cage  with  wire-net  bottom,  allowing  the  feces  and  urine  to  drop 
through,  which  might  otherwise  be  eaten.  Both  feces  and  food 
were  carefully  weighed.  The  rats  were  individually  weighed 
daily  before  feeding.  Those  under  experiment  were  allowed  dry 
food  ad  libitum,  together  with  whole  milk  carefully  regulated  in 
amount  so  as  to  hold  them  nearly  constant  at  the  initial  body 
weight.  Of  course,  slight  fluctuations  in  the  gross  body  weight 
were  unavoidable,  but  they  rarely  exceeded  2  grams  above  or 
below  the  initial  weight,  as  shown  in  table  1.  The  final  gross 
body  weight  is  in  all  cases  nearly  the  same  as  the  initial  weight. 

The  temperature  of  the  animal  room  was  fairly  constant  at 
about  75**  Fahrenheit  (extreme  range  65''  to  80""). 

Various  methods  of  feeding  were  used.  The  eight  initial  con- 
trols were  killed  shortly  after  weaning  (which  occurs  at  the  age  of 
about  three  weeks),  being  subsequently  fed  on  Graham  bread 
and  whole  milk.  Two  control  rats  (K5.2,  K8.5)  were  fed  with 
dry  'dog-biscuit'  (composition  given  by  Kudo,  '21)  and  water  ad 
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libitum,  together  with  5  to  15  grams  of  whole  milk  daily.  One 
control  rat  (K5.2)  was  fed  with  maize  (Indian  com)  with  milk  and 
water.  These  grew  normally  up  to  the  ages  indicated  in  table  1. 
The  test  rats  (held  at  nearly  constant  body  weight)  were  vari- 
ously fed  as  follows: 

1.  Twenty  rats  (including  all  the  test  rats  except  those  specified 
below)  were  fed  with  dry  'dog-biscuit'  ad  libitum.  They  con- 
sumed an  average  of  about  3.7  grams  daily.  The  amount  of  milk 
fed  daily  decreased  from  about  3.5  to  4  grams  at  first  to  less  than 
2  grams  after  three  or  four  weeks.  In  experiments  extending 
more  than  a  month,  however,  it  was  necessary  to  increase  the 
amount  of  milk  again  to.  2.5  or  3  grams  daily.  Feces  averaged 
about  0.8  gram  daily  throughout  the  experiment. 

2.  Five  rats  (K14.5,  K14.9,  K10.9  K13.3  and  K10.8)  were 
fed  with  crushed  maize.  Each  rat  consumed  daily  about  3.5 
grams.  The  amount  of  milk  fed  decreased  from  about  3.5  to  4 
grams  daily  at  first  to  about  1  gram  after  three  or  four  weeks. 
The  feces  kveraged  0.7  gram  daily. 

3.  Two  rats  (K14.4  and  E14.3)  were  fed  with  a  mixture  of 
crushed  maize  and  'dog-biscuit.'  They  ate  about  3.6  grams 
daily  of  that  mixture  and  were  fed  about  the  same  amount  of  milk 
as  in  (2).    The  feces  averaged  about  0.8  gram  daily. 

4.  Two  rats  (K11.3  and  K12.1)  were  fed  with  milk  powder 
('Klim'  brand).  They  consumed  a  daily  average  of  about  3.4 
grams  of  the  dry  powder.  In  addition  fresh  whole  milk  was  fed, 
decreasing  from  about  5  grams  at  first  to  less  than  2  grams  after 
a  month. 

5.  One  rat  (K14.2)  was  fed  with  dried  polished  rice.  It  daily 
ate  3.8  grams  of  rice  throughout  the  experiment  and  passed  an 
average  of  0.7  gram  of  feces.  At  first,  milk  was  added  to  the 
diet  as  follows.  In  the  first  two  weeks  of  the  test  the  rat  was  fed 
milk  in  amounts  decreasing  from  1.8  to  0.7  gram  daily;  then  for 
about  three  weeks  with  0.5  to  0. 1  gram  of  milk  daily.  In  the  final 
period  of  four  weeks  the  rat  was  fed  with  dry  rice  only.  In  that 
period  the  body  weight  was  reduced  from  33.5  grams  to  27.1 
grams.  This  rat  was  very  active  and  showed  no  evident  sjrmp- 
toms  of  vitamine  deficiency. 
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TABLE  1 
Indivtdital  data  on  rata  used 


KAT  NtniBBB 

PINAL  0B088  BODY 
WBIGBT  (and  bangs) 

FINAL  NBT 

BODY 

WBIOHT 

BODY 
LBNOTB 

AGB  or  BAT,  DAYS 

AND  8BX 

Initial 

Final 

A.  Normal  controls 


K12.3 
K12.2 
Kll.O 
K8.1 
K6.1 
K14.0 
K7.1 
K9.1 
K5.3 
K6.2 
K8.5 


f 

f 

f 

f 

m 

m 

f 

m 

m 

f 

f 


22.7 

24.0 

25.4 

29.3 

27.8 

28.1 

36.4 

43.5 

115.7 

121.5 

146.5 


granu 

em. 

20.5 

8.8 

25 

22.6 

9.4 

25 

23.4 

9.6 

31 

23.7 

9.9 

32 

27.2 

11.1 

26 

26.0 

9.8 

30 

34.4 

10.5 

35 

41.2 

12.0 

40 

108.2 

16.2 

24 

114.5 

16.8 

28 

142.5 

18.4 

28 

56 

77 

112 


B.  Test  rats  (held  nearly  at  maintenance) 


K11.4 

K13.2 

K11.3 

E14.1 

E8.2 

K8.3 

E14.4 

K14.7 

K14.8 

E14.10 

E14.5 

E14.9 

E14.3 

E10.9 

E14.6 

E10.6 

E10.3 

E13.3 

E12.1 

E5.4 

E10.4 

E12.5 

ElO.l 

E10.2 

E10.8 

E8.4 

E14.2 

E9.2 

E10.5 

E12.4 


f 
f 
f 
f 

m 
m 
m 
m 
m 
f 

m 
f 

m 
m 
f 

m 
m 
f 
f 

m 
m 
f 
f 
f 
f 
f 
f 

m 
f 
f 


19.9  (19 
21.9  (21 
21.9  (21 
25.4  (25 
29.1  (27 

29.6  (25 

23.0  (23 

23.7  (23 
25.6  (23 

26.8  (24 

26.6  (25 

26.1  (25 

24.7  (24 
25.6  (23 
28.3  (24 

23.1  (23 

26.6  (26 

24.9  (22. 

25.3  (23 

36.2  (23, 

25.4  (24. 

28.3  (26 

28.7  (28 
30.1  (26. 
24.6  (23 
30.3  (25 
26.9  (26 

43.5  (38 

26.0  (23 

28.1  (26 


.9-26.2) 

18.5 

8.8 

27 

.9-25.0) 

18.9 

9.0 

27 

.9-26.8) 

20.5 

9.7 

28 

.0-28.8) 

22.9 

9.3 

30 

.7-29.9) 

24.5 

.9.5 

32 

.8-31.0) 

26.3 

9.7 

32 

.0-30.7) 

21.1 

9.3 

28 

.7-^.1) 

21.6 

8.7 

29 

.2-80.7) 

22.6 

10.1 

29 

.7-31.6) 

23.3 

10.3 

32 

.7-30.0) 

23.4 

9.9 

28 

.5^1.0) 

23.7 

10.4 

30 

.2-33.9) 

22.7 

9.5 

28 

.6-30.0) 

23.0 

10.4 

29 

.8-31.5) 

25.6 

9.4 

28 

.1-28.4) 

20.1 

9.1 

28 

.6^1.8) 

23.9 

10.5 

28 

.6-29.3) 

22.6 

8.9 

32 

.8-30.5) 

23.6 

9.0 

25 

.1-36.8) 

33.3 

11.3 

33 

.0-28.7) 

23.1 

10.1 

28 

.0-29.2) 

24.1 

10.3 

28 

.1-31.9) 

26.8 

10.7 

28 

.6-31.8) 

25.7 

10.5 

28 

.6-29.6) 

22.6 

8.9 

28 

.2-32.1) 

26.8 

9.8 

32 

.9-36.7) 

25.0 

10.5 

28 

.2-49.0) 

39.1 

11.9 

40 

.7-26.8) 

21.9 

9.7 

28 

.3-32.0) 

25.8 

10.4 

28 

33 
34 
41 
47 
50 
49 
49 
51 
53 
50 
50 
54 
58 
62 
65 
65 
71 
67 
79 
74 
76 
77 
78 
87 
95 
95 
104 
104 
117 


439 
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While  no  exact  chemical  determinations  were  made,  it  is  evident 
that  the  amounts  of  food  consumed  by  the  rats  in  these  thirst 
experiments  are  more  than  sufficient  for  maintenanance  when 
water  is  allowed  at  hbitum.  Under  these  circumstances,  Jackson 
('15)  found  that  rats  of  about  24  grams  in  body  weight  require  for 
maintenance  only  about  5  grams  daily  of  Graham  bread  soaked 
in  whole  milk;  decreasing  to  about  3  grams  later.  'Since  a  greater 
amoimt  of  food  was  consumed  by  my  rats  on  the  thirst  experi- 
ments, it  is  evident  that  the  prevention  of  growth  is  due  to  the 
lack  of  water  rather  than  to  inanition  from  inadequate  food- 
intake. 

In  the  inanition  experiments  with  water  (Jackson,  '15  a)  the 
amount  of  food  required  for  maintenance  of  body  weight  in  young 
rats  was  found  to  decrease  as  the  experiment  proceeds.  Simi- 
larly in  the  present  tests  (as  above  shown)  a  decreasing  amount 
of  hquid  (milk)  is  required  for  maintenance  with  dry  food  ad 
libitum,  although  the  amount  of  dry  food  taken  remains  fairly 
constant. 

The  difference  in  the  amount  of  milk  required  for  maintenance 
of  body  weight  with  the  different  kinds  of  food  probably  depends 
(at  least  in  part)  upon  the  amount  of  water  contained  in  the  food. 
In  all  cases,  however,  there  is  a  decrease  in  the  milk  required  as 
the  experiment  proceeds.  Jackson  ('15  a)  thought  that  in  young 
rats  held  at  maintenance  by  underfeeding  the  amount  of  hving 
protoplasm  is  greatly  decreased,  thereby  decreasing  the  basal  rate 
of  metabolism,  with  a  corresponding  decrease  in  the  necessary 
food-intake.  Possibly  a  similar  explanation  may  hold  in  the 
case  of  the  present  thirst  experiments.  The  metabolism  maybe 
altered  in  some  way  so  as  to  require  less  water  for  maintenance  of 
constant  body  weight. 

Both  test  rats  and  controls  were  killed  by  chloroform  and  dis- 
sected according  to  the  technique  described  by  Donaldson  ('15), 
with  a  few  modifications.  The  submaxillary  gland  and  thyroid 
gland  were  removed  first.  The  parts  and  organs  upon  removal 
were  placed  in  a  closed  jar  upon  glass  plates  resting  on  moist 
filter-paper.  After  weighing,  the  organs  were  dried  to  constant 
weight  in  an  oven  at  about  95°C.  in  order  to  determine  their 
water  content  (not  included  in  this  paper). 
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Percentage  losses  in  the  various  organs  were  calculated  as  fol- 
lows. The  average  weight  (table  2)  for  each  organ  or  part  in  the  test 
rats  was  compared  with  the  corresponding  average  for  the  normal 
controls  of  similar  body  weight.  The  data  in  the  column  'Differ- 
ence' express  the  apparent  percentage  changes  (+  or  — )  as  the 
result  of  the  experiment.  In  table  2  the  average  gross  body 
weight  and  net  body  weight  (gross  body  weight  minus  intestinal 
contents)  are  seen  to  differ  but  sUghtly  (usually  less  than  5  per 
cent)  in  the  various  test  groups,  as  compared  with  the  normal 
controls.  These  differences  have  been  ignored  in  calculating  the 
percentage  changes  for  the  various  parts. 

In  view  of  the  comparatively  smaU  number  of  observations 
and  the  known  variability,  especially  of  some  of  the  organs  (Jack- 
son, '13),  the  conclusions  reached  in  the  present  paper  are  by  no 
means  to  be  considered  as  final.  It  is  beUeved,  however,  that 
they  are  sufficient  to  give  an  approximate  idea  of  some  of  the 
more  obvious  and  important  changes,  so  as  to  make  possible  a 
comparison  of  the  effects  of  a  relatively  dry  diet  (water  deficiency) 
with  other  forms  of  inanition. 

GENERAL  OBSERVATIONS 

In  general  the  test  rats  remained  active  and  apparently  healthy, 
although  many  died  during  the  com^e  of  the  experiment,  as  above 
stated.  The  skin  becomes  somewhat  roughened,  but  the  hair 
is  not  easily  detached  (as  occurs  in  adults  during  thirst).  Dry- 
ness and  desquamation  were  observed  on  the  plantar  surfaces. 
The  claws  become  much  elongated,  especially  in  the  later  test 
periods.  The  fecal  material  is  usually  hard,  never  diarrheal  in 
character.  The  urine  is  scanty.  Haemorrhage  from  the  con- 
junctiva or  nose  was  not  observed,  although  it  sometimes  occurred 
in  the  stomach  or  intestines.  In  the  rats  djdng  during  the  experi- 
ments (not  included  in  the  tables)  hemorrhage  and  ulceration  of 
the  stomach  were  often  observed.  Dryness  of  the  external  genital 
organs,  especially  in  females,  was  observed,  and  eczematous  condi- 
tions often  occurred  in  the  longer  experiments.  Paralysis  of  the 
legs  or  other  parts  was  never  found  in  the  yoimg  rats  (as  noted 
occasionally  in  adults  by  Kudo,  '21),    In  some  young  rats  the 
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penis  was  extruded,  possibly  from  attempts  to  get  the  urine.  It 
is  to  be  noted  that  the  specific  symptoms  generally  found  associ- 
ated with  various  vitamine  deficiencies  are  either  slight  or  entirely 
absent  in  survivors  of  these  thirst  experiments. 

The  general  condition  observed  at  autopsy  are  as  follows: 
There  is  extreme  general  emaciation,  especially  in  the  longer  peri- 
ods. The  skin  and  muscles  appear  somewhat  dry  and  diflicult 
to  separate.  The  blood  is  thick.  The  fat  has  usually  almost 
disappeared  from  the  subcutaneous  and  muscular  tissues;  but 
in  some  cases  it  remains  in  relatively  large  amount.  The  orbital 
and  interscapular  fat  persists  in  small  amoimt  even  in  the  longer 
experiments.  There  is  no  appreciable  change  in  amount  of  serous 
fluid  in  the  pericardial,  pleural,  and  peritoneal  cavities.  The 
viscera  generally  appear  normal.  The  liver  is  often  congested 
and  occasionally  yellowish  in  color  (fatty  change?).  The  kidneys 
are  often  congested,  and  their  surfaces  appear  rough  in  a  few  cases. 
Marked  congestion  of  the  brain,  kidneys,  suprarenals,  spleen,  and 
limgs  was  sometimes  found.  In  general,  however,  the  effects  of 
thirst  on  young  rats,  as  shown  by  observations  and  autopsy, 
appear  slighter  than  in  adult  rats. 

•     LENGTH  OF  BODY  AND  TAIL 

The  body  length  is  measured  from  the  tip  of  the  nose  to  the 
anus  and  the  tail  length  from  the  anus  to  the  tip  of  the  tail.  The 
measurements  were  taken  immediately  after  death,  the  body  and 
tail  being  extended  by  very  slight  tension.  Measurements  dur- 
ing Ufe  are  not  very  accurate,  although  they  might  be  obtained 
by  the  use  of  anesthetics.  Some  measurements  were  made  on  the 
living  animals,  however,  which  show  changes  in  the  lengths  of 
body  and  tail  similar  to  the  changes  indicated  by  the  measure- 
ments at  autopsy. 

In  the  groups  of  rats  held  at  constant  body  weight  for  the  five 
periods  (table  2)  the  percentage  changes  in  average  body  length 
are  insignificant,  usually  corresponding  to  the  slight  differences 
in  body  weight  between  test  rats  and  controls.  It  is  evident  that 
the  body  length  remains  nearly  constant.  The  tail  length,  how- 
ever, shows  a  marked  and  progressive  increase,  indicating  for  the 
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five  periods  gains  of  5.7, 24.3, 20.0, 25.7,  and  28.6  per  cent,  respec- 
tively (table  2). 

Thus  the  rats  held  at  constant  body  weight  by  thirst  become 
relatively  long-tailed,  as  found  likewise  by  Jackson  ('15  a)  in 
young  rats  held  at  maintenance  by  imderfeeding.  Some  data 
indicating  an  opposite  result  were  reported  by  Hatai  ('08). 

In  adult  rats  during  thirst  the  body  length  in  the  acute  series 
shows  an  average  loss  of  11.4  per  cent  and  in  the  chronic-thirst 
series  a  loss  of  14.7  per  cent.  The  tail,  however,  has  nearly  the 
same  average  length  in  controls  and  test  rats  (Kudo,  '21). 

INTEGUMENT 

The  general  changes  in  the  integument  were  mentioned  above 
imder  'General  Observations.'  In  the  young  rats  held  at  con- 
stant body  weight  in  five  test  series  (table  2)  there  is  a  slight  ap- 
parent loss  varying  from  7.5  to  14  per  cent  in  weight  of  the  integu- 
ment (which  includes  the  skin  and  appendages,  hair  and  claws). 
It  would  appear  that  this  sUght  loss  occurs  early,  and  is  not  pro- 
gressive during  the  corn^e  of  the  experiment. 

In  adult  rats  during  thirst  the  loss  of  the  integument  is  very 
nearly  proportional  to  that  of  the  whole  body  (Kudo,  '21). 

In  inanition  (with  water)  a  much  greater  loss  of  36  per  cent  or 
more  was  foimd  in  the  weight  of  the  integument  of  young  rats  by 
Jackson  ('15  a). 

SKELETON 

The  bones,  together  with  the  cartilages,  periosteum,  and  liga- 
ments, constitute  the  'ligamentous  skeleton.'  The  bones  and 
cartilages,  after  removal  of  the  periosteum  and  ligaments  by 
immersion  for  about  one  hour  in  1  per  cent  aqueous  'Gold  Dust' 
(a  commercial  soap  powder)  solution  at  90°C.,  constitute  the  'car- 
tilaginous skeleton. '  Donaldson  and  Conrow  ('  19)  have  shown 
that  while  such  a  maceration  in  hot  'Gold  Dust'  solution  causes 
only  a  slight  loss  (less  than  5  per  cent)  in  the  skeleton  of  adult 
rats,  in  young  rats  the  loss  in  skeletal  weight  is  considerably 
greater,  amoimting  to  about  15  per  cent  in  the  new  bom.  The 
hiunerus  and  femur  (of  both  sides)  were  therefore  cleaned  sepa- 
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rately  without  maceration,  and  their  weights  are  recorded  sepa- 
rately in  table  2,  though  also  included  in  the  weights  of  the  whole 
skeleton. 

As  shown  by  table  2,  while  the  body  weight  is  held  constant 
during  the  thirst  experiments,  the  ligamentous  skeleton  continues 
to  increase  in  weight  to  a  niarked  degree.  The  increase  is  pro- 
gressive from  14.2  per  cent  at  one  to  two  weeks  up  to  40  per  cent 
at  seven  to  eight  weeks  (slightly  less  at  nine  to  thirteen  weeks). 
For  the  cartilaginous  skeleton  the  apparent  increase  in  weight 
is  stiU  greater,  ranging  from  22.6  to  58.4  per  cent.  It  is  possible 
that  these  large  percentages  (especially  that  of  36.2  per  cent  at 
one  to  two  weeks)  may  be  errodeous,  due  to  abnormalities  or  to 
errors  in  technique. 

The  humerus  and  femur  (weighed  separately  in  the  moist 
cartilaginous  state,  after  removal  of  periosteiun  and  ligaments 
without  inmiersion  in  the  hot  soap  solution),  as  shown  in  table 
2,  show  percentage  increases  which  are  very  close  to  those  of  the 
ligamentous  skeleton,  and  these  probably  form  a  more  accurate 
index  of  the  actual  changes  in  the  weight  of  the  cartilaginous 
skeleton. 

In  an  underfeeding  experiment,  Jackson  ('15  a)  found  that  the 
increase  in  young  rats  held  at  constant  body  weight  from  three  to 
ten  weeks  of  age  forms  28  per  cent  in  the  weight  of  the  ligamentous 
skeleton,  and  21.5  per  cent  in  the  weight  of  the  cartilaginous 
skeleton  which  is  somewhat  lower  than  that  obtained  in  the  pres- 
ent thirst  experiments.  This  may  be  because  less  water  is  re- 
quired for  the  growth  of  bone,  so  that  its  growth  is  less  retarded 
on  a  relatively  dry  diet. 

In  the  inanition  experiment  on  young  rats,  Jackson  ('15  a)  noted 
that  the  skeletal  growth  tends  to  proceed  along  the  lines  of  normal 
development,  as  indicated  by  decrease  in  the  water  content,  by 
formation  and  union  of  various  epiphyses,  etc.  Very  similar 
phenomena  were  noted  in  the  skeleton  during  the  present  thirst 
experiments  (epiphyses  of  vertebrae  and  himierus,  appearance 
of  third  molars,  etc.). 

Data  cited  by  Jackson  from  other  investigators  (Waters,  Aron, 
Variot)  indicate  that  a  persistent  growth  of  the  skeleton  during 
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inanition  likewise  occurs  in  the  young  of  other  species  (calves, 
puppies,  human  infants).  Jackson  and  Stewart  have  shown  that 
the  growth  of  the  skeleton  in  underfed  rats  appears  less  intensive 
in  very  young  (newborn)  rats  and  in  older  rats  (approaching 
maturity). 

MUSCULATURE 

As  shown  in  table  2,  the  various  groups  of  tests  rat  show  appar- 
e^t  slight  decreases  (4.7  to  7  per  cent)  in  weight,  excepting  the 
third  group,  which  is  nearly  constant.  These  differences  are 
insignificant,  especially  when  the  slight  differences  in  body  weight 
between  controls  and  test  rats  are  taken  into  account,  but  there 
is  perhaps  a  slight  tendency  to  decrease  in  the  later  periods. 

In  young  rats  held  at  constant  body  weight  by  inanition  (simple 
xmderfeeding)  the  musculature,  as  in  thirst,  also  remains  nearly 
constant,  but  with  a  very  slight  tendency  to  increase  in  weight 
(Jackson,  '15  a). 

During  thirst  in  adult  rats  the  musculature  loses  approximately 
in  proportion  to  the  entire  body  (Kudo,  '21). 

VISCERA  AND  'REMAINDER' 

The  visceral  group  includes  the  brain,  spinal  cord,  hypophysis, 
and  eyeballs,  as  well  as  thoracic  and  abdominal  viscera.  In  the 
animals  held  at  constant  body  weight  (table  2)  the  visceral  group 
shows  a  progressive  increase  in  weight  of  3.1  to  20.6  per  cent  in 
the  five  test  series. 

The  weight  of  the  visceral  group  depends  essentially  upon  that 
of  the  larger  organs.  As  will  be  seen  later,  however  the  individ- 
ual viscera  diflfer  greatly  in  their  changes  in  weight  during  the 
thirst  experiments. 

In  the  maintenance  of  the  body  weight  by  simple  inanition, 
Jackson  ('15  a),  in  young  albino  rats,  and  Aron  ('11),  in  young 
dogs,  found  that  the  visceral  group  imdergoes  but  little  change  in 
weight. 

The  'remainder'  is  that  part  of  the  body  which  remains  after 
removing  the  skin,  skeleton,  musculature,  and  visceral  group. 
It  includes  the  adipose  and  interstitial  connective  tissue,  mesen- 
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terium,  larger  peripheral  nerves,  and  blood-vessels,  etc.  The 
escaped  fluids  and  the  loss  by  evaporation  are  not  included.  As 
shown  in  table  2,  the  'remainder'  in  the  various  tests  undergoes 
a  loss  in  weight  increasing  from  37.3  per  cent  in  the  one  to  two 
weeks'  test  to  50.9  per  cent  in  nine  to  thirteen  weeks.  This  loss 
is  probably  chiefly  due  to  that  of  the  fat,  which  largely  disap- 
pears, as  mentioned  under  'General  Observations.' 

BRAIN 

The  brain  weight  of  the  control  rats  (table  2)  corresponds 
closely  to  the  data  of  Donaldson  ('15)  and  Jackson  ('15a).  In 
the  rats  at  the  various  test  periods  the  average  brain  weight  shows 
slight  apparent  changes,  varying  from  —4.3  per  cent  to  +8.6 
per  cent.  It  will  be  noted,  however,  that  (with  one  exception) 
these  apparent  changes  are  in  the  same  direction  as  the  corre- 
sponding slight  diflferences  between  test  rats  and  controls  in  aver- 
age body  weight.  The  apparent  differences  in  brain  weight  are 
therefore  insignificant,  considering  the  small  number  of  obser- 
vations, and  it  seems  probable  that  the  brain  undergoes  no  appre- 
ciable change  in  weight  during  these  thirst  experiments. 

Hatai  ('04)  found  a  sUght  apparent  loss  (average  about  4.7  per 
cent)  in  the  weight  of  the  brain  in  young  albino  rats  fed  with 
starch,  beef  fat,  and  water,  the  body  weight  being  reduced  about 
30  per  cent  (average).  In  a  later  experiment,  however,  Hatai 
('08)  found  that  the  growth  in  brain  weight  was  retarded  in  the 
same  proportion  as  the  whole  body  weight.  In  albino  rats  with 
retarded  growth  on  a  lipoid-free  ration,  the  brain  was  apparently 
about  2  per  cent  subnormal  in  weight  (Hatai,  '15). 

In  underfed  young  rats  (with  water),  Donaldson  ('11)  found 
an  apparent  shght  increase  (3.6  per  cent)  in  the  brain  weight, 
while  Jackson  ('15  a)  found  no  significant  change.  It  is  evident 
that  the  age  at  which  the  inanition  occurs  is  important,  as  Stew- 
art ('18,  '19)  found  a  marked  increase  (125  per  cent)  in  the  brain 
of  newborn  rats  held  at  constant  body  weight  by  underfeeding 
for  sixteen  days.  Varibt  and  Lassabliere  ('09)  observed  a  tend- 
ency to  persistent  growth  in  brain  weight  in  human  infants 
whose  body  weight  was  retarded  by  malnutrition.    The  brain 
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weight  of  the  adult  rats  subjected  to  thirst  showed  no  significant 
change  in  weight  (Kudo,  '21).  The  constancy  of  the  brain  weight 
in  adults  under  various  forms  of  inanition  has  been  repeatedly 
observed  by  numerous  investigators.  McCarrison  ('19),  how- 
ever, finds  an  apparent  increase  of  one-seventh  in  the  brain 
weight  of  monkeys  on  various  diets  deficient  in  vitamines. 

SPINAL  CORD 

The  spinal  cord  shows  a  marked  and  progressive  increase 
(20.8  to  53.1  per  cent)  in  weight  in  the  various  test  periods 
(table  2). 

Jackson  ('15  a)  found  an  increase  of  36  per  cent  in  the  spinal 
cord  of  rats  held  at  constant  body  weight  by  underfeeding  from 
three  to  ten  weeks  of  age,  and  a  smaller  increase  was  obtained  by 
Donaldson  ('11).  In  newborn  rats,  held  at  maintenance  by 
underfeeding  from  sixteen  days,  Stewart  ('19)  found  an  increase 
of  83  per  cent  in  the  weight  of  the  spinal  cord.  In  the  thirst 
experiments  on  adult  rats,  the  spinal  cord  shows  but  little  change 
in  weight  (Kudo,  '21). 

SCIATIC  NERVES 

The  sciatic  nerves  (nn.  ischiadici)  in  the  test  rats  showed  an 
increase  in  weight  which  is  similar  to  that  of  the  spinal  cord, 
excepting  the  first  period  (table  2).  This  indicates  that  the 
continued  growth  of  the  spinal  cord  is  correlated  with  that  of  the 
peripheral  nerves,  as  might  be  expected.  In  the  thirst  experi- 
ments on  adult  albino  rats,  however,  the  sciatic  nerves  lost  in 
weight,  while  the  spinal  cord  did  not.  No  further  data  on  the 
changes  in  weight  of  peripheral  nerves  during  inanition  have  been 
found  in  the  literature. 

EYEBALLS 

The  eyeballs  likewise  show  a  marked  and  progressive  increase 
in  average  weight  during  the  various  test  periods  (table  2),  vary- 
ing from  9.3  to  70.8  per  cent.  The  apparent  increase  of  70.8  per 
cent  in  weight  of  the  eyeballs  during  the  thirst  experiments  is 
greater  than  that  observed  in  any  other  organ  or  system. 
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In  the  adult  rats  the  eyeballs  lose  nearly  10  per  cent  during 
thirst  (Kudo,  '21).  In  young  rats  underfed  (with  water)  from 
three  to  ten  weeks  of  age,  Jackson  ('15  a)  found  an  increase  of 
nearly  50  per  cent  in  the  weight  of  the  eyeballs.  A  still  greater 
increase  (146  per  cent)  was  found  by  Stewart  ('19)  in  similar 
experiments  on  newborn  rats. 

Jackson  ('15  a)  thought  the  striking  growth  capacity  of  the 
eyeballs  during  inanition  might  depend  upon  their  large  water 
absorption,  as  the  eyeballs  are  known  to  have  a  very  high  water 
content.  The  present  thirst  experiments,  however,  indicate  that 
the  remarkably  persistent  growth  of  the  eyeballs  continues  even 
when  the  water  supply  to  the  organism  is  greatly  restricted. 

Notwithstanding  the  great  increase  in  the  size  of  the  eyeballs 
in  the  test  rats,  they  do  not  protrude  abnormally.  More  space 
is  doubtless  provided  for  them,  partly  by  actual  growth  of  the 
skeletal  orbit  and  partly  by  atrophy  of  the  orbital  fat. 

HEART  AND  AORTA 

The  heart  (table  2)  in  the  test  rats  shows  an  apparent  slight 
decrease  in  weight  in  the  earlier  periods  with  a  small  increase  in 
the  later  periods  of  thirst.  It  will  be  noted,  however,  that  these 
changes  do  not  greatly  exceed  the  differences  between  test  rats 
and  controls  in  body  weight,  which  are  in  the  same  direction. 
The  apparent  changes  in  heart  weight  are  therefore  of  doubtful 
significance. 

In  rats  imderfed  from  three  weeks  of  age,  Jackson  ('15  a)  like- 
wise found  no  significant  change  of  weight,  although  in  imderfed 
newborn  rats  Stewart  ('19)  noted  an  increase  of  26  per  cent. 

During  thirst  in  adult  rats  the  heart  likewise  maintains  its  rela- 
tive weight,  losing  in  absolute  weight  nearly  in  proportion  to  the 
entire  body  (Kudo,  '21). 

Aorta.  The  aorta  was  cut  proximally  at  the  heart  and  distally 
at  the  origin  of  the  iliac  branches.  All  branches  of  the  aorta  were 
clipped  close  to  the  vessel.  All  blood  content  was  removed.  The 
following  observations  are  too  few  (especially  on  controls)  to  war- 
rant conclusions,  but  would  seem  to  indicate  an  increase  in  the 
weight  of  the  aorta  during  the  thirst  experiments. 
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LCN OTB  OF  TKBT 

NUMBEB  or  BATS 

AYEBAGB  NST 
BODY  WKIOHT 

AVBBAOB  WEIGHT 
OF  AORTA 

grams 

gram 

(Control) 

1 

26.0 

0.0187 

1-2    weeks 

2 

20.9 

0.0159 

3-4    weeks 

7 

22.6 

0.0212 

5-6    weeks 

3 

23.9 

0.0246 

7-8    weeks 

4 

24.8 

0.0232 

9-13  weeks 

3 

24.2 

0.0234 

SPLEEN 

The  spleen  (table  2)  shows  a  marked  loss  in  average  weight 
(36.6  to  48.4  per  cent)  in  all  the  test  groups  but  one,  in  which  the 
loss  appears  much  smaller  (9.1  per  cent).  The  very  small  appar- 
ent loss  in  this  test  group  is  due  to  an  abnormally  large  spleen 
which  weighed  0.2  gram,  which  brought  up  the  average  for  the 
group.  If  this  abnormal  spleen  were  excluded,  the  loss  in  this 
group  would  appear  as  46.5  per  cent.  Similarly  in  the  last  group, 
the  inclusion  of  an  abnormally  large  spleen  gives  an  apparent 
average  increase  of  36.6  per  cent;  omitting  this  spleen,  there  is  an 
average  loss  of  37.6  per  cent.  Although  the  spleen  is  normally 
one  of  the  most  variable  organs  in  the  body  (Jackson,  '13),  requir- 
ing caution  in  drawing  conclusions,  it  is  evident  that  it  usually 
imdergoes  a  great  loss  in  weight  in  young  rats  held  at  constant 
body  weight  by  thirst. 

In  adult  albino  rats  during  thirst,  both  acute  and  chronic, 
the  spleen  similarly  loses  relatively  much  more  in  weight  than  does 
the  body  as  a  whole  (Kudo,  '21).  Jackson  ('15  a)  found  that  in 
yoimg  rats  held  at  maintenance  by  underfeeding  beginning  at  the 
age  of  three  weeks  there  is  a  marked  tendency  to  decrease  in 
weight  of  the  spleen,  while  at  later  (and  longer)  periods  the  spleen 
appears  to  undergo  no  material  change  in  weight.  In  the  under- 
fed newborn  rats,  Stewart  ('19)  foimd  an  increase  of  33  per  cent 
in  the  spleen. 
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LUNGS 

The  lung  infections  frequently  found  in  older  rats  rarely  occur 
before  the  age  of  ten  weeks  (Jackson,  '15  a)  and  did  not  occur  in 
in  the  rats  shown  in  tables  1  and  2.  The  average  weight  of  the 
lungs  in  the  test  groups  shows  slight  changes,  varying  from  —9.5 
to  +3.5  per  cent.  These  changes  are  usually  in  the  same  direc- 
tion as  the  differences  in  average  body  weight,  however,  and  are 
too  small  to  be  significant.  It  is  therefore  evident  that  there  is 
but  slight  if  any  change  in  the  weight  of  the  lungs  during  the  pres- 
ent thirst  experiments. 

During  thirst  in  adult  rats  the  percentage  loss  in  the  weight  of 
the  lungs  appears  slightly  greater  than  that  of  the  whole  body 
(Kudo>  '21).  In  young  rats  held  at  constant  body  weight  by 
underfeeding,  Jackson  ('15  a)  found  a  slight  decrease  in  the  early 
periods,  but  not  in  the  later.  There  is  no  appreciable  increase 
in  the  lungs  of  the  underfed  newborn  rats  (Stewart,  '19). 

SALIVARY  GLANDS 

Parotid  glands.  The  parotid  glands  (table  2)  show  a  marked 
decrease  in  average  weight,  varying  from  43.7  to  59.6  per  cent  in 
the  various  test  groups.  This  loss  apparently  occurs  early  and 
remains  fairly  uniform  throughout  the  various  test  periods.  In 
adult  albino  rats  during  thirst,  both  in  acute  and  chronic,  the  per- 
centage loss  in  weight  of  the  parotid  glands  is  likewise  much  larger 
than  that  of  the  entire  body  (Kudo,  '21). 

Submaxillary  glands.  A  striking  decrease  in  weight  similar 
to  that  of  the  parotid  glands  is  apparent  in  the  submaxillary 
glands  (table  2)  in  all  except  the  first  test  group,  where  the  loss 
(24.9  per  cent)  is  somewhat  smaller.  In  adult  albino  rats  during 
thirst,  both  acute  and  chronic,  the  submaxillary  glands  likewise 
decrease  in  weight  relatively  much  more  than  does  the  body  as  a 
whole  (Kudo.  '21). 

LIVER 

The  Uver  shows  somewhat  irregular  increases  in  average 
weight  (table  2),  varying  from  5.8  to  33.5  per  cent  in  the  different 
test  periods.     While  the  liver  thus  shows  a  definite  tendency  to 
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increase,  caution  must  be  observed  in  drawing  conclusions,  on 
account  of  the  great  variability  in  the  weight  of  the  normal  liver 
(Jackson,  '13). 

In  the  adult  rats  during  thirst  the  liver  loses  weight  in  about 
the  same  proportion  as  the  whole  body  (Kudo,  '21).  In  young 
rats  underfed  from  three  weeks  of  age  the  Uver  is  variable,  showing 
a  definite  increase  in  weight  in  the  earlier  periods,  but  a  decrease 
later  (Jackson,  '15  a).  Stewart  ('19)  found  a  marked  loss  in  the 
liver  weight  of  underfed  newborn  rats. 

PANCREAS 

The  pancreas  (table  2)  in  the  various  test  periods  shows  a  pro- 
gressive increase  in  average  weight  (15.9  to  46.2  per  cent).  It 
may  be  noted  that  the  average  weight  of  the  pancreas  in  my  con- 
trols (0.1389  gram)  is  considerably  below  the  corresponding 
weight  found  by  Hatai  ('18)  (0.206  gram) ;  but,  as  Hatai  remarks, 
it  is  difficult  to  dissect  out  the  gland  with  uniform  accuracy. 

In  adult  rats  a  decrease  in  weight  of  the  pancreas  during  thirst 
is  relatively  much  greater  than  that  of  the  whole  body.  Thus 
the  loss  in  the  weight  of  the  pancreas  resembles  that  of  the  salivary 
glands. 

STOMACH  AND  INTESTINES 

The  stomach  and  intestines  were  separated  from  mesentery  and 
pancreas.  The  digestive  tube  with  contents  (table  2)  shows  a 
progressive  increase  in  average  weight,  varying  from  1.4  to  30.6 
per  cent.  The  increase  is  not  significant  until  after  six  weeks. 
The  data  for  the  empty  stomach  and  intestines  show  a  very  simi- 
lar progressive  increase  in  average  weight,  varying  from  4.6  to 
34.6  per  cent.  Thus  both  the  alimentary  canal  and  the  intestinal 
contents  appear  to  increase  in  weight,  especially  in  the  thirst 
experiments  extending  beyond  six  weeks  in  length.  The  intesti- 
nal contents  in  the  test  rats  are  watery  or  mucous  in  character  in 
the  small  intestine,  becoming  usually  very  hard  in  the  fecal  mate- 
rial of  the  large  intestine. 

In  rats  underfed  from  three  weeks  of  age  Jackson  ('15  a)  like- 
wise found  an  increase  in  the  weight  of  the  intestinal  canal  (plus 
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mesentery  and  pancreas),  which  continued  up  to  the  age  of  six 
weeks,  but  appeared  to  decrease  later.  In  adult  ablino  rats  dur- 
ing thirst  there  is  a  marked  decrease  (relatively  slightly  less  than 
that  of  the  entire  body)  in  the  weight  of  the  stomach  and  intes- 
tines (Kudo,  '21). 

KIDNEYS 

The  kidneys  (table  2)  in  the  test  groups  show  a  marked  appar- 
ent increase  in  average  weight,  progressing  from  35  to  65.3  per 
cent  in  the  first  four  groups,  but  decreasing  to  a  gain  of  only  48.4 
per  cent  in  the  longest  test  (nine  to  thirteen  weeks).  It  is  possi- 
ble, however,  that  the  large  apparent  increase  may  be  due  in  part 
to  an  abnormally  low  kidney  weight  in  my  controls,  which  is 
somewhat  below  the  normals  of  Jackson  ('15  a)  and  Donaldson 
('15).  In  young  rats  imderfed  beginning  at  three  weeks  of  age 
Jackson  ('15  a)  found  a  sUght  increase  in  the  weight  of  the  kidney, 
but  little  or  no  change  at  later  periods.  Stewart  ('19)  found  a 
great  increase  (90  per  cent)  in  the  kidney  weight  of  underfed  new- 
bom  rats. 

In  adult  rats  during  acute  and  chronic  thirst  the  kidneys  lose 
in  weight  relatively  sUghtly  less  than  the  body  as  a  whole  (Kudo, 
'20). 

TESTES 

The  average  net  body  weights  of  the  males  in  the  various  groups 
of  table  2  are  as  follows:  controls  (2),  26.6  grams;  1-2  weeks  (2), 
26.7  grams;  3-4  weeks  (6),  22.4  grams;  5-6  weeks  (3),  25.8  grams; 
7-8  weeks  (1),  23.1.  It  is  thus  evident  that  the  average  body 
weights  of  the  various  test  groups  differ  somewhat  from  the  con- 
trols, which  partly  accounts  for  the  greater  apparent  losses  in  the 
groups  at  three  to  four  weeks  and  seven  to  eight  weeks.  Making 
allowance  for  this  difference  in  body  weight,  the  tests  would  show 
an  average  decrease  of  something  over  30  per  cent. 

On  the  other  hand,  Jackson  ('15  a)  found  an  apparent  increase 
of  34  per  cent  in  the  weight  of  the  testis  in  rats  underfed  beginning 
at  three  weeks  of  age,  and  Stewart  ('19)  obtained  an  enormous 
increase  (average  374  per  cent)  in  the  testes  of  newborn  rats  held 
at  maintenance  by  underfeeding  for  about  sixteen  days. 
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In  adult  rats  the  testes  during  acute  thirst  lose  about  15  per 
cent  in  their  weight  and  during  chronic  thirst  they  lose  52.7  per 
cent,  while  the  loss  of  the  whole  body  is  respectively  36.1  per 
cent  and  52.4  per  cent  (Kudo,  '21).  Hatai  ('15)  found  that  the 
testes  of  young  albino  rats  show  an  actual  loss  in  weight  (23  per 
cent)  as  a  result  of  six  months  on  the  lipoid  free-diet. 

EPIDIDYMIDES 

The  apparent  losses  in  the  average  weight  of  the  epididymis 
(table  2)  are,  of  course,  subject  to  the  same  corrections  as  those 
of  the  testis,  on  account  of  differences  in  body  weight  between  test 
rats  and  controls.  The  actual  losses  are  therefore  somewhat 
lower  than  those  indicated  in  the  table  and  below  those  of  the 
testis. 

In  adult  rats  during  thirst  the  epididymides  lose  weight  roughly 
in  proportion  to  the  body  weight  (Kudo,  '21). 

OVARIES 

The  average  body  weight  of  the  female  rats  in  the  control  group 
(table  2)  is  slightly  lower  than  that  in  all  the  test  groups,  except- 
ing the  first.  But  the  maximum  difference  in  body  weight  is  only 
about  10  per  cent,  so  the  relatively  large  apparent  losses  in  the 
average  weight  of  the  ovaries,  increasing  progressively  from  32.5 
to  66.7  per  cent,  would  not  be  materially  affected  by  the  required 
corrections. 

This  loss  in  the  weight  of  the  ovaries  during  thirst  is  materially 
greater  than  that  (27  per  cent)  found  by  Jackson  ('15  a)  in  rats 
imderfed  beginning  at  three  weeks  of  age.  Stewart  ('19)  found 
practically  no  change  in  the  weight  of  the  ovaries  in  underfed  new- 
bom  rats.  Hatai  ('15)  found  in  young  albino  rats  fed  with  lipoid- 
free  diet  a  loss  of  17.4  per  cent  in  the  weight  of  the  ovaries. 

UTERUS 

The  uterus  (including  tubes)  is  subject  to  considerable  varia- 
tion in  weight,  as  appears  in  the  various  test  groups  in  table  2. 
While  the  tendency  during  the  earlier  test  periods  is  somewhat 
fluctuating  and  doubtful,  there  appears  to  be  a  definite  increase  in 
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average  weight  (26.7  to  34.8  per  cent)  in  the  two  longest  tests. 
Its  change  in  weight  therefore  appears  quite  different  from  that 
of  the  ovaries. 

THYROID  GLAND 

The  thyroid  gland  shows  an  apparent  loss  in  average  weight 
in  all  but  the  last  test  group  (table  2).  In  most  cases  the  differ- 
ence is  too  small  to  be  significant,  however,  especially  when  the 
individual  variation  in  the  weight  of  the  thyroid  gland  and  also 
the  great  difficulty  in  dissecting  it  out  in  a  uniform  manner  are 
considered.  Jackson  ('15  a),  however,  foimd  an  apparent  loss  of 
about  24  per  cent  in  the  thyroid  of  rats  underfed  from  three  weeks 
of  age. 

In  adtdt  albino  rats  during  thirst,  both  acute  and  chronic,  the 
thyroid  glands  lose  markedly  in  weight  (Kudo,  '21). 

THYMUS 

The  loss  of  68.9  to  91.3  per  cent  in  the  average  weight  of  the 
thymus  in  the  various  test  groups  (table  2)  is  greater  than  that  in 
any  other  organ.  According  to  Hatai  ('14),  the  thymus  should 
reach  its  maximum  absolute  weight  (0.29  gram)  at  about  eighty- 
five  days  of  age,  after  which  it  normally  undergoes  a  slow  age 
involution.  As  is  well  known,  the  thymus  is  especially  liable  to 
a  rapid  involution  under  various  unfavorable  circumstances 
('accidental  involution'  of  Hammar).  This  was  found  by  Jack- 
son ('15  a)  in  rats  underfed  at  three  weeks  of  age  and  later,  and 
also  by  Stewart  ('19)  in  newborn  rats.  In  adult  rats  during 
thirst  the  involution  of  thymus  is  likewise  very  marked,  with 
loss  of  about  90  per  cent  in  weight  (Kudo,  '21). 

SUPRARENAL  GLANDS 

In  the  suprarenal  glands  of  the  rat  there  is  normally  a  sexual 
difference  in  weight,  observable  from  the  age  of  about  six  weeks 
(Jackson,  '13,  Hatai,  '13).  Before  this  age  the  sexes  may  safely 
be  grouped  together,  as  in  my  controls.  In  the  test  groups  the 
sexes  are  separated,  although  on  account  of  the  small  niunbers 
and  the  irregularity  of  the  data  they  are  combined  into  only  two 
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age  groups,  one  to  four  weeks  and  five  to  thirteen  weeks.  All 
four  groups  show  a  marked  apparent  increase  in  weight,  which  is 
about  60  per  cent  in  all  except  the  younger  group  of  females 
(37.7  per  cent).  This  difference  is  not  on  account  of  the  appear- 
ance of  the  normal  sex  difference,  however,  for  normally  the  supra- 
renals  become  larger  in  the  female.  As  a  matter  of  fact,  the  tend- 
ency to  sexual  difference  in  weight  does  not  appear  in  these  thirst 
experiments,  (contrary  to  the  observations  of  Jackon)  Cl5  a)  in 
underfeeding). 

In  the  rats  underfed  beginning  at  three  weeks  of  age  Jackson 
('15  a)  found  an  apparent  increase  of  12  to  39  per  cent  in  the 
weight  of  the  suprarenals.  A  much  smaller  increase  (5  per  cent) 
was  found  by  Stewart  (19)  in  underfed  newborn  rats. 

In  adult  rats  during  thirst  there  is  a  relatively  small  loss  in 
weight  of  the  suprarenal  glands  (Kudo,  '21). 

HYPOPHYSIS 

The  hypophysis  in  rats  above  50  grams  in  body  weight  must  be 
considered  separately  in  the  sexes,  since  it  then  normally  becomes 
relatively  heavier  in  the  female.  This  does  not  affect  my  con- 
trols (grouped  together  in  table  2),  and  it  is  evident  from  table  2 
that  there  likewise  appears  no  sexual  differentiation  in  weight  in 
the  test  rats  during  the  thirst  experiments  (in  agreement  with  the 
inanition  experiments  of  Jackson,  '15  a).  There  is  evidently 
no  significant  change  in  the  average  weight  of  the  hypophysis  in 
the  one  to  four  weeks'  group,  but  a  marked  increase  (37.5  to 
43.8  per  cent)  in  the  five  to  thirteen  weeks'  group. 

Jackson  ('15  a)  found  a  smaller  increase  (18  to  19  per  cent)  in 
the  rats  underfed  from  three  weeks  of  age,  while  Stewart  ('19) 
foimd  a  slightly  larger  increase  in  the  underfed  newborn  rats. 

In  adult  rats  during  thirst  the  hypophysis  changes  but  little  in 
absolute  weight  (Kudo,  '21). 

DISCUSSION 

The  changes  in  the  average  weights  of  the  various  organs  and 
parts  in  rats  held  at  constant  body  weight  for  the  various  periods 
are  summarized  in  table  2.    While  no  great  emphasis  can  be  laid 
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upon  the  exact  accuracy  of  the  figures  shown  in  table  2,  it  is  evi- 
dent that,  with  respect  to  the  changes  in  weight  during  the  thirst 
experiments,  the  organs  may  be  divided  into  three  groups.  In 
the  first  group,  which  includes  hypophysis,  eyeballs,  kidneys, 
suprarenals,  spinal  cord,  skeleton,  sciatic  nerves,  pancreas,  alimen- 
tary canal,  liver,  humerus  and  femur,  visceral  group  and  uterus, 
there  is  a  well-marked  increase  in  weight  during  the  maintenance 
of  constant  body  weight  by  thirst  in  young  rats.  As  shown  in 
table  2,  the  rate  of  increase  in  the  weight  of  the  organs,  in  general, 
is  progressively  greater  in  the  longer  periods. 

In  the  second  group,  which  includes  heart,  brain,  musculature, 
and  lungs,  the  organs  remain  nearly  constant  in  weight. 

In  the  third  group,  including  the  thymus,  ovaries,  parotid  and 
submaxillary  glands,  'remainder,'  spleen,  testes,  epididymides, 
thyroid,  and  integument,  there  is  a  marked  loss  in  weight.  This 
loss  appears  in  most  of  the  organs  already  in  the  earlier  test 
periods  and  in  some  cases  (thymus,  thyroid)  appears  more  or 
less  progressive  in  character. 

If  we  compare  the  changes  in  weight,  as  a  measure  of  their  rela- 
tive resistance  to  thirst,  in  yoimg  growing  rats  with  those  observed 
in  adult  rats  during  acute  and  chronic  thirst  (Kudo,  '21), 
it  is  found  that  in  general  there  is  in  many  cases  a  considerable 
degree  of  correspondence.  The  hypophysis,  eyeballs,  skeleton, 
and  spinal  cord  increase  in  weight  in  the  young  rats  and  also  show 
marked  resistance  (slight  loss  in  weight)  in  adults  during  acute 
and  chronic  thirst.  The  brain  in  all  cases  remains  nearly  con- 
stant in  weight. 

The  heart  weight  is  nearly  constant  in  the  young  rats  and  loses 
nearly  in  proportion  to  the  body  during  adult  thirst.  The  thy- 
mus, 'remainder,'  salivary  glands,  spleen,  testes,  and  epididy- 
mides lose  weight  markedly  during  thirst  in  both  yoimg  and 
adult  rats. 

In  many  other  cases,  however,  the  changes  in  organ  weight  in 
the  yoimg  differ  materially  in  tendency  from  those  in  adult. 
Thus  the  pancreas  and  liver  have  a  marked  growth  tendency  in 
the  young  test  rats,  but  lose  heavily  during  adult  thirst.  Lesser 
degrees  of  difference  are  observed  in  many  other  organs. 


Digitized  by  VjOOQ IC 


EFFECTS   OF  THIRST — ^ALBINO  RATS  459 

Comparing  my  results  in  young  rats  on  thirst  tests  with  those 
of  Jackson  ('15  a)  in  young  rats  of  similar  age  held  at  constant 
body  weight  by  imderf ceding  (with  water  allowed),  there  is  found 
a  remarkable  similarity  between  them.  Thus,  in  both  cases 
there  is  a  marked  growth  in  the  brain,  spinal  cord,  eyeballs,  hy- 
pophysis, skeleton,  suprarenals,  and  alimentary  canal.  In  both 
series  the  brain,  musculature,  and  heart  remained  nearly  con- 
stant, and  the  thymus,  ovaries,  spleen,  thyroid,  and  integument 
decreased  greatly  in  weight.  There  are  some  differences  between 
the  results  of  the  thirst  and  the  inanition  tests,  however.  The 
kidneys  appear  to  gain  markedly  during  thirst,  but  remain  con- 
stant during  inanition.  The  testes  lose  heavily  in  weight  during 
thirst,  but  gain  markedly  during  inanition.  Other  forms  of 
partial  inanition  give  results  differing  more  or  less  from  the  fore- 
going, as  shown  by  the  experiments  of  Hatai,  Osborne  and  Mendel, 
McCarrison,  and  others  on  diets  defective  in  various  respects, 
including  vitamine  deficiencies  (cf.  Jackson  and  Stewart,  '19, 
and  Kudo, '21). 

It  has  also  been  shown  by  Jackson  and  Stewart  that  the 
changes  in  organ  weight  during  inanition  differ  greatly  according 
to  the  age  of  the  animals.  Thus,  the  changes  during  underfeeding 
in  the  newborn  are  very  different  from  those  in  adolescent  rats 
and  these  in  turn  differ  from  those  in  older  animals.  The  age 
factor  is  doubtless  equally  important  in  the  effects  of  thirst  upon 
the  weight  of  the  various  organs. 

SUMMARY 

The  principal  results  of  the  present  investigation  may  be 
briefly  smnmarized  as  follows. 

Albino  rats  about  one  month  old  may  be  held  at  constant  body 
weight  for  several  weeks  by  a  restricted  amount  of  liquid  (milk) 
in  a  diet  otherwise  adequate  for  growth.  The  rats  show  a  pro- 
gressive tolerance  of  thirst,  so  that  less  liquid  milk  is  daily  re- 
quired for  maintenance  as  the  experiment  proceeds. 

The  tail  becomes  elongated  while  the  body  length  remains 
constant. 
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There  is  in  general  a  marked  increase  in  the  weight  of  the  skele- 
ton and  a  slight  increase  in  the  visceral  group. 

The  musculature  remains  nearly  constant  in  weight.  There 
is  a  slight  decrease  in  the  integument  and  a  marked  loss  in  the 
^reminder.'    Of  the  individual  viscera: 

1.  The  hypophysis,  eyeballs,  kidneys,  suprarenals,  spinal  cord, 
skeleton,  sciatic  nerves,  pancreas,  stomach-intestines,  liver,  and 
uterus  show  a  definite  increase  in  weight. 

2.  The  heart,  brain,  and  lungs  remain  nearly  constant  in 
weight. 

3.  The  thymus,  ovaries,  parotid  and  submaxillary  glands, 
spleen,  testes,  epididymides,  and  thyroid  suffer  more  or  less  well- 
marked  decrease  in  weight. 

The  growth  tendencies  of  the  various  organs  in  the  young  rats 
during  the  thirst  experiments  correspond  in  general  to  those 
f  oxmd  in  rats  of  similar  age  during  imderf  eeding,  although  certain 
exceptions  occur  (testes  and  kidneys). 

likewise  the  results  of  the  thirst  tests  (also  those  of  the  inani- 
tion experiments)  show  a  general  resemblance  to  those  of  similar 
character  in  adults.  There  are  certain  differences  according  to 
age,  however,  as  well  as  according  to  the  type  of  inanition 
employed. 

LITERATURE  CITED 

Aron,  Hans    1911    Nutrition  and  growth.    Philippine  Jour.  Science,  vol.  6. 
Donaldson,  H.  H.    1911    The  effect  of  underfeeding  on  the  percentage  of  water, 

on  the  ether-alcohol  extract,  and  on  the  meduUation  in  the  central 

nervous  system  of  the  albino  rat.    Jour.  Comp.  Neur.,  vol.  21,  no.  2. 

1915    The  rat.    Reference  tables  and  data.    Memoirs  of  The  Wistar 

Institute  of  Anatomy,  no.  6.    Phila. 
Donaldson,  H.  H.,  and  Conrow,  Sara  B.    1919    Quantitative  studies  on  the 

growth  of  the  skeleton  of  the  albino  rat.    Am.  Jour.  Anat.,  vol.  26, 

pp.  237-314. 
Hatai,  S.    1904    The  effect  of  partial  starvation  on  the  brain  of  the  white  rat. 

Am.  Jour.  Physiol.,  vol.  12,  no.  1. 

1913  On  the  weights  of  the  abdominal  and  the  thoracic  viscera,  the 
sex  glands,  ductless  glands  and  the  eyeballs  of  the  albino  rat  (Mus 
norvegicus  albinus)  according  to  body-weight.  Am.  Jour.  Anat.,  vol. 
15,  no.  1. 

1914  On  the  weight  of  the  thyums  gland  of  the  albino  rat  (Mus  nor- 
vegicus albinus)  according  to  age.    Am.  Jour.  Anat.,  vol.  16,  no.  2. 


Digitized  by  VjOOQ IC 


EFFECTS   OF  THIRST — ^ALBINO  RATS  461 

Hatai,  S.  1915  The  growth  of  the  body  and  organs  in  albino  rats  fed  with  a 
lipoid-free  ration.    Anat.  Rec,  vol.  9,  no.  1. 

1918  On  the  weight  of  the  epididymis,  pancreas,  stomach  and  of  the 
submaxillary  glands  of  the  albino  rat  (Mus  norvegicus  albinus)  accord- 
ing to  body  weight.    Am.  Jour.  Anat.,  vol.  24,  no.  1. 

Jackson,  C.  M.    1913    Postnatal  growth  and  variability  of  the  body  and  of  the 
various  organs  in  the  albino  rat.    Am.  Jour.  Anat.,  vol.  15,  no.  1. 
1915    Effect  of  acute  and  chronic  inanition  upon  the  relative  weights 
of  the  various  organs  and  systems  of  adult  albino  rats.       Am.  Jour. 
Anat.,  vol.  18,  no.  1. 

1915  a  Changes  in  the  relative  weights  of  the  various  parts,  systems 
and  organs  of  young  albino  rats  held  at  constant  body-weight  by  imder- 
feeding  for  various  periods.    Jour.  Exp.  Zool.,  vol.  19,  no.  2. 

Jackson,  C.  M.,  and  Stewart,  C.  A.  1920  The  effects  of  inanition  in  the 
young  upon  the  ultimate  size  of  the  body  and  of  the  various  organs  in 
the  albino  rat.    Jour.  Exp.  Zool.,  vol.  30,  no.  1. 

Ettdo,  T.  1921  Studies  on  the  effect  of  thirst.  I.  Effects  of  thirst  on  the 
weights  of  the  various  organs  and  systems  of  adult  albino  rats.  Am. 
Jour.  Anat.,  vol.  28,  no.  2. 

McCarrison,  R.  1919  The  pathogenesis  of  deficiency  disease.  VIII.  The  ge- 
neral effects  of  deficient  dietaries  on  monkeys.  Indian  Jour.  Med. 
Research,  vol.  7,  no.  2  (Oct.). 

Meter,  L.  F.  1913  Ueber  den  Wasserbedarf  des  Sauglings.  Zeitschr.  f. 
Kinderheilk.,  Bd.  5,  S.  1-30. 

Stewart,  C.  A.  1918  Changes  in  the  relative  weights  of  the  various  parts, 
systems  and  organs  of  yoimg  albino  rats  imderfed  for  various  periods. 
Jour.  Exp.  Zool.,  vol.  25. 

1919  Changes  in  the  weights  of  the  various  parts,  systems  and  organs 
in  albino  rats  kept  at  birth-weight  by  imderf ceding  for  various  periods. 
Am.  Jour.  Physiol.,  vol.  48. 

Variot  et  Lassabliere  1909  Autonomie  du  d^veloppement  de  Tenc^phale 
dans  les  jeunes  enfants.    C.  R.  Soc.  Biol.,  Paris,  T.  66. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


avtbob's  AaarBAor  op  thu  fapib  imubd  bt  Raprlnted  irom  Thb  Axatomioax.  Rbcobd 

TBB  BiBUOGBApHio    SBBYiCB,  DBCXMBBB    27  Vol.  23,  No.  6.  December,  1921 


STUDIES  ON  THE  MAMMARY  GLAND 

VII.  THE  DISTRIBUTION  OF  THE  SUBCUTANEOUS  FAT  AND  ITS 
RELATION  TO  THE  DEVELOPING  MAMMARY  GLANDS  IN  MALE 
AND  FEMALE  ALBINO  RATS  FROM  BIRTH  TO  TEN  WEEKS  OF  AGE 

J.  A.  MYERS  AND  FRANK  J.  MYERS 

Institute  of  Anatomy,  Unweraity  of  Minnesota,  Minneapolis 

TBBSS  FIGTTBBS 

While  fixing  the  glands  for  fat  stains  in  the  study  of  witches' 
milk  (Myers,  '19),  it  was  noticed  that  when  the  entire  skin  of  an 
albino  rat  was  removed,  stretched  out  on  cork,  and  placed  in 
Flemming's  fluid  for  a  short  time,  the  subcutaneous  fat  was 
beautifully  differentiated  from  the  surroimding  tissues.  There 
seemed  to  be  a  constant  relation  between  the  deposit  of  sub- 
cutaneous fat  and  the  development  of  the  mammary  glands. 
Hence  the  present  work  was  imdertaken  to  determine  this 
relation. 

MATERIAL  AND  TECHNIQUE 

Representative  stages  from  birth  to  ten  weeks  were  selected 
from  apparently  healthy  albino  rats  of  normal  body  weight. 
For  each  stage  a  male  and  a  female  from  the  same  litter  and  of 
approximately  the  same  body  weight  were  studied  and  compared. 
The  rats  were  killed  by  chloroform  and  an  incision  was  made 
extending  from  the  dorsal  part  of  the  root  of  the  tail  along  the 
spines  of  the  vertebrae  and  over  the  skull  to  the  tip  of  the  nose. 
The  skin  was  then  reflected,  special  precautions  being  used  to 
remove  all  the  subcutaneous  fat  with  the  skin.  The  skin  was 
then  stretched  out  on  a  piece  of  cork  with  the  inner  surface  up, 
after  which  it  was  placed  either  in  Flemming's  fluid  or  1  per  cent 
osmic-acid  solution.  The  preparations  were  left  here  imtil  the 
subcutaneous  fat  had  become  dark  brown.    This  usually  required 
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thirty  minutes  to  one  hour.  They  were  then  washed  in  running 
water  for  an  hour  or  so  and  carried  through  the  various  grades 
of  alcohol.  It  was  noticed  that  in  skins  left  much  longer  than 
one  hour  the  epidermis  became  somewhat  darkened  so  that  the 
subcutaneous  fat  was  no  longer  so  sharply  outlined.  After  the 
material  was  hardened  in  the  alcohol,  drawings  were  made  of 
the  entire  skin  with  the  subcutaneous  fat  represented  in  black, 
the  position  of  each  of  the  twelve  nipples  being  indicated  on  the 
drawing.  These  preparations  did  not  show  the  ramifications  of 
the  milk  ducts,  hence  it  became  necessary  to  remove  the  osmic- 
acid  stain  and  make  a  study  of  the  relation  of  the  ducts  to  the 
fat.  First,  the  connective-tissue  layer  of  the  skin  was  removed 
according  to  the  method  employed  in  an  earlier  work  (Myers, 
'16).  This  thin  layer,  which  contained  the  fat  and  milk  ducts, 
was  placed  in  a  weak  solution  of  hydrogen  peroxide  until  the 
osmic-acid  stain  had  entirely  disappeared.  It  was  then  stained 
in  very  much  diluted  Delafield's  hematoxylin  and  cleared  accord- 
ing to  the  method  described  by  Lane-Claypon  and  Starling 
('06).  These  cleared  preparations  were  then  projected  onto  the 
original  drawings  in  such  a  manner  that  the  nipples  coincided 
with  the  points  indicating  their  position  on  the  original  drawing. 
This  made  it  possible  to  outline  the  general  distribution  of  each 
gland,  thus  showing  the  relation  of  the  milk  ducts  to  the  sub- 
cutaneous fat. 

Since  osmic  acid  stains  only  the  unsaturated  neutral  fat, 
triolein,  the  findings  with  osmic  acid  were  verified  by  staining 
gross  specimens  with  sudan  III  or  scarlet  red. 

As  soon  as  the  skin  was  removed  from  the  body  of  the  animal, 
the  entire  body  was  placed  in  1  per  cent  osmic  acid  to  make  sure 
that  all  subcutaneous  fat  had  been  removed.  In  most  cases 
very  Uttle  or  no  fat  was  left  on  the  body  wall  of  the  animal. 

In  another  series  of  animals  the  subcutaneous  tissue  was  left 
on  the  body  wall  when  the  skin  was  removed.  These  bodies 
were  then  placed  in  osmic  acid,  scarlet  red  or  sudan  III,  and  the 
fat  studied  in  its  normal  position.  The  results  were  similar  to 
those  with  the  other  methods. 
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Microscopic  sections  were  made  through  certain  regions  in 
order  to  verify  the  observations  made  upon  the  preparations 
stained  in  toto.  Some  of  these  sections  were  made  from  tissues 
fixed  in  Flemming's  fluid.  Frozen  sections  made  from  each  stage 
studied  were  stained  in  sudan  III  or  scarlet  red  and  counter- 
stained  in  hematoxylin. 

OBSERVATIONS 

The  stains  employed  failed  to  reveal  any  subcutaneous  fat 
in  gross  preparations  from  animals  killed  immediately  after 
birth.  In  specimens  taken  six  to  ten  hours  after  birth,  however, 
a  considerable  amount  of  fat  is  seen  deposited  in  the  subcutaneous 
tissue.  This  fat  is  not  uniformly  distributed.  In  gross  speci- 
mens this  subcutaneous  fat  does  not  appear  in  solid  masses  at 
this  stage,  but  appears  somewhat  granular.  In  a  general  way 
it  miiy  be  said  that  the  fat  is  deposited  in  the  area  supplied  by 
the  larger  arteries  and  their  branches.  Therefore,  one  finds  fat 
deposited  more  abundantly  in  the  inguinal  region  around  the 
inferior  epigastric  artery  and  its  rami  and  in  the  thoracic  and 
upper  abdominal  regions  around  the  superior  epigastric  and 
mammary  and  intercostal  arteries.  In  the  region  of  the  ventral 
midline,  and  for  some  distance  to  the  side  of  this  line,  no  fat 
appears.  In  the  midabdominal  region  where  the  superior  and 
inferior  epigastric  branches  become  very  small,  fat  is  not  depos- 
ited at  this  stage.  The  relation  of  this  early  fat  deposit  to  the 
blood-vessels  is  very  constant.  Along  the  larger  branches  the 
fat  is  quite  plentiful,  but  it  gradually  disappears  as  one  passes 
along  the  rami  of  these  branches. 

The  nipple  of  the  abdominal  mammary  gland  lies  medial  to 
the  fat  being  deposited  in  the  inguinal  and  lower  abdominal 
regions.  Its  primary  duct,  however,  passes  caudolaterally  and 
divides  into  two  or  three  branches  which  enter  the  region  of  the 
depositing  fat.  Here  these  branches  subdivide,  and  all  the 
terminal  ramifications  of  the  abdominal  gland  are  found  in  the 
fat  deposit.  The  first  and  second  inguinal  glands  lie  medial  to 
the  posterior  continuation  of  the  region  in  which  fat  is  being 
deposited.  The  terminal  branches  of  their  ducts,  however, 
ramify  in  this  fat. 
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In  the  cervical  region  is  an  area  in  which  fat  is  being  deposited 
that  extends  somewhat  cephalad  and  laterad  from  the  root  of 
the  neck.  There  is  some  indication  of  small  strands  of  fat 
connecting  this  area  with  the  thoracic  area  which  extends  caudad 
very  nearly  to  the  costal  margin  and  dorsad  where  it  closely 
approaches  the  midline  of  the  back.  The  nipple  of  the  first 
thoracic  gland  lies  medial  to  the  axillary  region,  and  fat  is  being 
deposited  between  this  nipple  and  the  axilla.  The  primary 
milk  duct  from  this  gland  passes  cephalad  where  it  enters,  and 
its  rami  terminate  around  the  fat  being  deposited.  The  second 
and  third  thoracic  nipples  lie  medial  to  the  fat  being  laid  down 
in  the  thoracic  region.  The  branches  of  these  glands  also  termi- 
nate around  this  fat. 

Thirty  hours  after  birth  the  subcutaneous  fat  is  present  in 
greater  quantities  and  extends  over  larger  areas  than  in  the 
preceding  stage  (fig.  1).  In  the  inguinal  and  lower  abdominal 
region  the  deposit  of  fat  is  so  sharply  outlined  that  it  may  be 
designated  as  the  inguinal  fat  pad.  This  pad  of  fat  on  each  side 
extends  from  a  position  anterior  to  the  posterior  portion  of  the 
crest  of  the  ilium  toward  the  midventral  line.  Before  reaching 
this  line,  however,  it  turns  caudad,  passes  over  the  pubis,  and 
extends  nearly  to  the  anal  region.  That  pad  of  fat  in  the  region 
of  the  iliac  crest  has  become  so  thick,  and  yet  is  so  imevenly 
distributed,  that  in  gross  stained  preparations  transmitted  light 
penetrates  only  in  certain  areas.  However,  as  one  passes  toward 
the  pubic  region  and  caudad  to  this,  one  observes  the  fat  in 
smaller  amoimts  so  that  it  has  somewhat  of  a  granular  appear- 
ance. Extending  from  the  pubic  portion  of  this  fat  pad  may  be 
seen  thin  narrow  strands  of  fat  extending  cephalomedially  to  a 
point  near  the  umbilicus.  At  this  stage  the  inguinal  fat  pads 
of  the  opposite  sides  are  not  connected.  The  inguinal  fat  pad 
does  not  extend  medially  as  far  as  the  abdominal  nipple.  In 
case  of  the  first  and  second  inguinal  nipples,  however,  this  pad 
of  fat  has  extended  very  nearly  to  their  lateral  margm. 

Cephalad  to  the  inguinal  fat  pad  is  a  considerable  area  of 
subcutaneous  tissue  which  in  the  previous  stage  contains  no 
visible  fat.    However,  at  this  stage  one  sees  an  occasional  very 
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Fig.  1  shows  the  distribution  of  subcutaneous  fat  in  an  albino  rat  thirty  hours 
after  birth. 

Fig.  2  shows  the  distribution  of  subcutaneous  fat  in  an  albino  rat  five  days 
after  birth.  C./.p.,  cervical  fat  pad;  T./.p.,  thoracic  fat  pad; /./.p.,  inguinal  fat 
pad. 

Fig.  3  shows  the  distribution  of  subcutaneous  fat  in  an  albino  rat  three  weeks 
after  birth. 
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small  mass  of  fat  in  close  relation  to  a  blood  vessel.  As  the 
thoracic  region  is  approached,  the  subcutaneous  fat  is  seen  de- 
posited in  considerable  amounts.  In  fact,  one  may  now  describe 
a  thoracic  fat  pad.  However,  its  boimdaries  are  not  so  sharp  as 
those  of  the  inguinal  fat  pad.  This  is  particularly  true  of  the 
caudal  boundary.  The  caudal  boundary  of  the  thoracic  fat 
pad  extends  from  a  position  very  near  the  dorsal  midline  ven- 
trally  along  and  sUghtly  below  the  costal  margin.  The  medial 
boundary  lies  a  few  millimeters  from  the  ventral  midline,  while 
the  cephalic  boimdary  passes  just  caudad  to  the  axilla.  This 
fat  pad  had  increased  in  size  so  that  its  medial  margin  approaches 
very  closely  the  lateral  margin  of  the  base  of  the  nipples  of  the 
second  and  third  thoracic  glands. 

The  mass  of  fat  being  deposited  in  the  cervical  region  in  the 
previous  stage  has  become  quite  definite  in  outline,  and  from 
this  time  will  be  designated  the  cervical  fat  pad.  It  extends  from 
the  anterior  portion  of  the  axilla  into  the  root  of  the  neck,  where 
it  turns  laterodorsad  and  extends  to  the  laterodorsal  side  of 
the  neck.  Caudally  this  pad  of  fat  connects  with  the  thoracic 
pad  by  means  of  narrow  strands.  The  nipple  of  the  first  thoracic 
gland  Ues  at  the  caudal  end  of  the  cervical  fat  pad,  and  its  base 
is  partly  surroimded  by  this  fat.  The  ducts  of  this  gland  ramify 
in  the  cervical  fat  pad. 

Fifty-two  hours  after  birth  the  fat  pads  are  more  distinct  than 
in  previous  stages.  They  have  not  only  thickened  considerably, 
but  extend  over  somewhat  larger  areas.  The  inguinal  fat  pads 
are  sUghtly  connected  at  their  posterior  ends.  The  cervical  fat 
pads  are  also  connected  by  small  strands  that  extend  across  the 
midline.  The  inguinal  fat  pad  has  extended  toward  the  midline 
imtil  the  nipples  of  the  first  and  second  inguinal  glands  are 
nearly  surrounded  by  fat.  The  nipple  of  the  abdominal  gland 
still  lies  slightly  medial  to  this  pad.  The  strand  of  fat  which 
in  the  previous  stage  extended  from  the  pubic  region  to  the  region 
of  the  xunbilicus  has  become  more  prominent.  In  the  preceding 
stage  attention  was  called  to  the  fact  that  in  the  subcutaneous 
tissue  lying  between  inguinal  and  thoracic  fat  pads  an  occasional 
small  isolated  mass  of  fat  was  observed.  In  the  present  stage 
such  masses  of  fat  are  more  numerous. 
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In  the  case  of  the  nipples  of  the  second  and  third  thoracic 
glands  somewhat  isolated  masses  of  fat  may  now  be  seen 
lying  medial  to  their  bases.  The  nipple  of  the  first  thoracic 
gland  is  so  completely  surrounded  by  fat  that  one  is  unable  to 
see  the  position  of  the  nipple  in  stained  preparations.  The 
cervical  fat  pads  are  slightly  connected  across  the  midline. 

Five  days  after  birth  (fig.  2)  the  \4ew  of  the  bases  of  all  the 
nipples  except  the  abdominal,  when  examined  from  the  inner 
surface  of  the  skins,  is  completely  obscured  by  the  dense  deposit 
of  subcutaneous  fat.  In  other  words,  the  fat  pads  have  extended 
toward  the  midline  sufficiently  to  completely  surround  and  cover 
up  the  bases  of  the  nipples.  In  case  of  the  nipple  of  the  abdom- 
inal gland,  the  fat  very  closely  approaches  the  lateral  side  of  its 
base.  The  isolated  masses  of  subcutaneous  fat  between  the 
inguinal  and  thoracic  pads  have  increased  considerably  in  size. 
However,  there  is  no  direct  fatty  connection  between  these  two 
pads  at  this  stage.  The  cervical  pads  are  now  connected  by 
good-sized  masses  of  fat. 

At  the  end  of  the  first  week  the  fat  pads  do  not  differ  from  the 
previous  stage,  except  that  they  have  become  much  thickened 
and  slightly  more  extensive.  The  masses  of  fat  between  the 
thoracic  and  inguinal  pads  have  increased  in  size  so  that  in  some 
specimens  a  few  of  them  have  fused  to  form  a  narrow  connection 
between  these  two  pads. 

From  the  beginning  of  the  second  week  to  the  tenth  week  (fig.  3) 
the  subcutaneous  fat  pads  increase  in  size  with  the  general  growth 
of  the  animal.  They  also  vary  somewhat  in  size  depending 
upon  the  animal's  health  and  food  supply.  During  this  period 
strands  of  fat  may  be  observed  extending  across  the  midline 
connecting  the  cervical  fat  pads  of  opposite  sides.  Similar 
strands  appear  in  the  perineal  region  connecting  the  caudal 
portions  of  the  right  and  left  inguinal  fat  pads. 

The  milk  ducts  about  the  time  of  puberty  imdergo  marked 
proliferation  (Myers,  '16)  and  it  is  interesting  to  note  that  their 
ramifications  follow  for  the  most  part  the  same  course  of  dis- 
tribution as  the  subcutaneous  fat  followed  at  an  earlier  stage. 
Thus  at  this  time  milk  ducts  of  the  opposite  sides  cross  the  mid- 
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line  in  both  the  cervical  and  perineal  regions  and  ramify  in  the 
fat  already  deposited  in  these  regions.  Other  ducts  send  out 
branches  which  ramify  in  the  processes  of  fat  extending  from  the 
inguinal  fat  pads  to  the  region  of  the  umbilicus.  Although 
strands  of  fat  connect  the  thoracic  and  inguinal  fat  pads  on  each 
side,  no  ducts  have  been  observed  to  ramify  in  these  strands; 
so  there  is  a  definite  interval  existing  between  the  ducts  of  the 
third  thoracic  gland  and  the  abdominal  gland  on  each  side. 

The  ducts  of  the  mammary  glands  of  male  rats  after  the  fifth 
week  do  not  grow  as  fast  as  those  of  females  (Myers,  '17),  but 
no  corresponding  difference  between  the  series  was  observed  in 
the  deposit  of  subcutaneous  fat.  The  males  at  all  ages  show 
deposits  similar  to  those  of  the  females. 

DISCUSSION 

We  beUeve  neutral  fat  is  deposited  in  the  subcutaneous  tissue 
for  at  least  two  purposes:  first,  as  a  protection  against  cold; 
second,  as  a  reserve  supply  of  food  and  energy.  According  to 
Berg  ('11),  much  fat  is  deposited  in  the  subcutaneous  tissue  of 
the  new-bom  child.  The  question  arises  as  to  why  so  little  or 
no  subcutaneous  fat  is  present  in  the  rat  at  birth.  In  the  first 
place,  this  animal  is  bom  in  a  very  immature  stage.  Being  bom, 
however,  without  any  special  mechanism  against  cold,  neutral 
fat  begins  to  deposit  beneath  the  skin  very  soon. 

Again  one  might  ask  why  this  subcutaneous  fat  is  not  distrib- 
uted more  uniformly  over  the  body.  To  be  of  much  value  as 
a  protection  against  cold,  one  would  expect  to  find  a  fairly  uniform 
layer  of  subcutaneous  fat  as  in  some  other  animals.  The  answer 
to  this  may  be  found  in  the  fact  that  the  rat  develops  a  fairly 
heavy  coat  of  hair  quite  early  in  life,  hence  there  is  not  much 
need  for  a  further  protective  layer  of  fat.  Moreover,  the  habitat 
of  the  animal  may  have  some  influence  on  the  need  of  a  protective 
layer  of  fat.  For  example,  the  rat  usually  inhabits  fairly  warm 
places,  such  as  houses  and  cellars.  It  further  protects  itself  by 
burrowing. 

Attention  has  been  called  to  the  fact  that  the  first  subcutaneous 
fat  is  deposited  in  the  neighborhood  of  the  branches  of  the  milk 
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ducts.  Next,  fat  is  laid  down  in  greatest  quantities  in  regions 
which  will  later  be  occupied  by  milk  ducts.  For  example,  the 
fat  pads,  at  first  small,  become  extended  over  a  slightly  larger 
area  than  the  ducts  will  occupy  during  pregnancy  and  lactation. 
It  was  pointed  out  (Myers,  '16)  that  the  first  cervical  glands 
slightly  before  or  at  the  age  of  puberty  send  branches  across 
the  midline  so  as  to  establish  at  least  a  gross  continuity  between 
the  glandular  tissue  on  one  side  with  that  of  the  opposite  side. 
The  same  was  true  in  case  of  the  branches  of  the  second  inguinal 
glands.  In  both  of  these  positions  we  see  fat  extending  across 
the  midline  during  the  first  week.  In  no  other  position  at  any 
time  before  puberty  does  fat  extend  across  the  midline. 

Why  should  subcutaneous  fat  be  deposited  in  definite  pads  in 
regions  where  the  milk  ducts  later  ramify?  Is  it  because  fat  is  a 
good  medium  for  the  ducts  to  proliferate  in,  or  does  it  have  some 
special  role  to  play  in  the  later  functional  stages  of  the  milk 
ducts  during  pregnancy  and  lactation? 

A\Tiile  studying  the  effects  of  inanition  on  the  developing 
mammary  glands  (Myers,  '19),  it  was  observed  that  the  sub- 
cutaneous fat  that  appears  very  early  in  the  neighborhood  of  the 
milk  ducts  soon  becomes  greatly  decreased  after  the  amount  of 
food  is  reduced  to  a  minimum.  In  those  animals  that  were 
miderfed  from  birth  very  little  subcutaneous  fat  was  deposited. 
Along  with  this  scanty  deposit  of  subcutaneous  fat  occurs  a 
partial  failure  of  development  on  the  part  of  the  milk  ducts. 
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The  peculiar  life  history  of  the  thymus  gland  in  man  is  reflected  in 
its  topography,  which  is  modified  from  time  to  time  by  different  phases 
of  its  growth  and  involution  and  by  changes  in  the  neighboring  struc- 
tures and  viscera.  These  changes  in  thymus  topography  begin  during 
fetal  life  and  are  particularly  striking  at  birth  when  the  chest  and  its 
contained  organs  are  greatly  modified  as  respiration  is  established. 
The  natal  changes  of  the  thymus  have  received  comparatively  little 
study,  and  the  lack  of  information  on  this  subject  seems  to  have  led  to  ^ 
considerable  confusion  regarding  the  normal  form  and  extent  of  the 
organ  in  early  postnatal  life.  ^  The  following  account  is  an  attempt  to 
trace  in  detail  these  early  modifications  in  thymus  topography  with 
particular  reference  to  the  normal  or  usual  conformation  and  relations 
of  the  structure  in  early  infancy.  This  work  was  done  in  the  Depart- 
ment of  Anatomy  of  the  University  of  Minnesota  under  the  direction 
of  Dr.  R.  E.  Scammon. 

I.       MATERIAL     AND     METHODS 

The  material  used  in  this  study  consisted  of  sixty-five  fetuses  and 
full-term  children.  The  specimens  ranged  from  10  to  55  cm.  in  crown- 
heel  or  total  length.  Most  of  these  form  a  part  of  the  collection  of  the 
Institute  of  Anatomy  of  the  University  of  Minnesota.  Twenty-five  of 
the  infants  were  stillborn  and  twenty  were  children  in  whom  respiration 
had  been  at  least  partially  established.  Fifty-seven  were  preserved  by 
intravascular  injection  of  an  aqueous  solution  of  10  per  cent,  liquor 
formaldehydi  and  1  per  cent,  chromic  acid,  one  was  sectioned  serially, 
and  7  were  observed  at  the  necropsy. 

Following  the  suggestion  of  Hammar  ^  that  only  thymus  glands 
obtained  from  healthy  individuals  should  be  used  in  the  study  of  this 
organ,  no  material  was  used  in  which  pathologic  conditions  were 
macroscopically  observable. 

This  material  was  studied  by  means  of  dissections,  graphic  recon- 
structions and  freehand  sections.  The  dissection  of  the  first  forty-two 
subjects  in  the  series  was  made  in  the  following  manner;  the  skin, 
subcutaneous  tissues,  muscles,  etc.,  were  reflected  from  the  anterior 


1.  Hammar,    J.    A.:     Fiinfzig    Jahre    Thymusforschung,    Ergeb.    Anat. 
Entwicke  !•:  Pt.  I,  274.  1909. 
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thoracic  wall  and  the  cervical  region  as  far  superiorly  as  the  inferior 
border  of  the  mandible.  Next,  the  sternocleidomastoid  and  the  infra- 
hyoid muscles  were  removed  and  the  part  of  the  thymus  extending 
above  the  sternal  notch  was  measured  with  dividers.  The  ribs  and 
clavicles  were  then  cut  at  the  anterior  axillary  lines,  elevated  and 
separated  from  their  connections  with  underlying  structures.  In  this 
manner  the  larynx,  thyroid,  thymus,  pericardium,  lungs,  larger  vessels, 
etc.,  of  the  mediastinum  and  cervical  regions  were  exposed. 

All  measurements  of  these  various  structures  as  shown  on  the 
drawings  were  made  with  fine  pointed  dividers  and  were  plotted  on 
coordinate  paper  in  the  form  of  outline  drawings  of  which  several  are 
reproduced  in  Figures.  1  to  12  inclusive.  Figures  19  to  24  inclusive 
were  drawn  ^^om  plottings  of  the  anterior  dissections  which  were 
made  by  the  i'-h:  of  the  graphic  reconstruction  apparatus  designed  by 
Scammon.*  Fit  teen  specimens  (Cases  43  to  58  inclusive,  except  Case 
56)  were  cross  sections  prepared  by  sectioning  the  specimens  free  hand 
with  a  heavy,  sharp  knife.  Figures  37  to  42  inclusive  are  drawings  of 
selected  specimens  of  this  series.  The  7  necropsies,  which  are  included 
in  the  series  (Cases  59  to  65  inclusive)  did  not  afford  ideal  conditions 
for  this  work.  However,  measurements  of  these  specimens  were  made 
with  the  dividers  while  the  organs  were  in  situ  and  the  thymus  glands 
carefully  removed  and  placed  on  cotton  pads  in  hardening  fluid.  The 
form  was  thus  preserved,  and  the  specimens  were  then  drawn  to 
standard  size.    These  are  shown  in  Figures  31  to  36  inclusive. 

The  following  observations  were  made  on  each  specimen: 

(a)  The  location  of  the  thymus,  whether  completely  in  the  thorax  or 
partly  in  the  thorax  and  extending  into  the  cervical  region.  This 
classification  of  location  is  that  suggested  by  Coplin.' 

(b)  The  lobation  of  the  thymus,  i.e.,  number  of  lobes  observable 
macroscopically.    This  classification  also  follows  Coplin.' 

(c)  The  overlapping  of  the  thymus  on  the  right  ventricle,  i.e.,  to 
what  extent,  if  any,  the  right  or  left  portions  of  the  thymus  extended 
on  this  part  of  the  heart. 


2.  Scammon,  R.  E.:  A  Simple  Method  of  Graphic  Reconstruction,  Anat. 
Rec.  21:552,  1921. 

3.  Coplin,  W.  M.  L.:  Morphology  of  the  Human  Thymus.  Pub.  Jefferson 
Medical  College  and  Hospital,  1:116,  1915.  Coplin  suggests  four  different 
types  of  thymus  glands  in  regard  to  lobation.  He  describes  unilobar,  bilobar, 
and  trilobar  glands  which  have  respectively  one,  two  or  three  lobes.  Thjrmus 
glands  in  which  division  into  lobes  is  imperfectly  marked  or  in  which  fusion 
is  so  complete  that  no  semblance  of  lobar  distinction  can  be  made  out  are 
classified  as  conglomerate.  He  found  no  thymus  glands  located  entirely  in 
the  cervical  region.  I  have  likewise  found  none  of  this  type  in  his  material. 
A  thoracic  thymus  is  defined  by  Coplin  as  one  of  which  the  summit,  under 
ordinary  respiratory  conditions,  does  not  rise  above  the  upper  margin  of  the 
sternum.  Cervicothoracic  thymus  glands  are  those  of  which  continuous  parts 
lie  in  the  thorax  and  extend  upward  into  the  neck. 
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Figs.  1  to  12  represent  outline  drawings,  plotted  to  scale,  of  a  number  of 
dissections  in  situ  of  thymus  glands  of  fetuses  and  new-born  children.  None 
of  these  specimens  had  breathed. 

Fig.   1.— Fetus  226  mm.   in  length    (No.   12). 

Fig.  2.— Fetus  234  mm.   in  length    (No.    13). 

Fig.  3. — Fetus  243   mm.   in   length    (No.   15). 

Fig.   4. — Fetus   245  mm.   in   length    (No.    16). 

Fig.  5.— Fetus   283   mm.   in   length    (No.    18). 

Fig.  6.— Fetus  235   mm.   in   length    (No.    14). 

Fig.   7. — Fetus  253   mm.   in   length    (No.    17). 

Fig.   8.— Fetus   374   mm.   in   length    (No.   29). 

Fig.   9.— Fetus  308  mm.   in  length    (No.  22). 

Fig.  10.— Fetus  300  mm.  in  length   (No.  21). 

Fig.   11.— Fetus  331   mm.  in  length   (No.  25). 

Fig.   12.— Fetus  384  mm.   in  length.  (No.  30). 
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(d)  The  overlapping  of  the  thymus  by  the  lungs,  i.e.,  to  what 
extent,  if  any,  either  or  both  lungs  lay  anterior  to  the  thymus. 

(e)  The  form  of  the  thymus,  i.e.,  whether  the  outline  of  the  thymus 
was  broad  or  elongate.  A  "broad"  thymus  was  defined  as  one  whose 
transverse  diameter  was  equal  to  or  greater  than  its  craniocaudal 
diameter,  and  an  "elongate"  thymus  as  one  whose  craniocaudal  diameter 
was  greater  than  its  transverse  diameter.* 

(f)  Condition  of  the  lungs  in  relation  to  respiration.  The  decision 
as  to  whether  or  not  an  individual  had  breathed  was  based  on  the 
floating  test  as  well  as  on  a  careful  examination  of  the  lobules  and  the 
appearance  of  the  anterior  borders  of  the  lungs  with  the  hand  lens. 
Lungs  in  which  breathing  has  occurred  show  distinct  characteristics 
when  compared  with  those  of  the  fetus  or  stillborn.  The  anterior 
border  and  antero-inferior  angles  of  the  former  have  lost  their  sharp 
edges  and  have  become  rounded.  The  lobules  on  the  surface  are  larger, 
more  distinct  and  of  higher  color.  On  section,  the  lungs  in  which 
respiration  has  begun  appear  spongy,  and  on  pressure  emit  a  frothy 
fluid  containing  numerous  fine  air  bubbles.  The  latter  phenomenon  is 
noted  in  material  which  has  been  preserved  for  months  as  well  as  in 
fresh  specimens.  The  extent  and  order  of  expansion  of  the  parts  of 
the  lungs  followed  the  observations  of  Champneys,*  except  that  he 
found  that  the  antero-inferior  borders  were  often  unexpanded. 

II.      SUMMARY     OF     OBSERVATIONS 

The  data  secured  by  the  methods  described  above  are  summarized 
in  Tables  1,  2  and  3.  Since  the  series  is  arranged  according  to  the 
crown-heel  length  of  the  specimens,  one  may  quickly  discern  the 
changes  occurring  in  any  type  of  observation  in  relation  to  increase  in 
body  length  and  consequent  age.  Furthermore,  the  relation  of  the 
establishment  of  respiration  to  the  various  features  observed  may  be 
noted  by  following  the  column  allotted  to  the  record  of  whether  or 
not  an  individual  had  breathed.  In  the  following  analysis  of  these  data 
the  material  will  first  be  considered  in  toto  and  then  as  arranged  in  two 
series  on  the  basis  of  the  establishment  or  nonestablishment  of 
respiration. 

A.  Analysis  of  entire  series  of  cases. — A  tabulation  of  the  data 
obtained  from  the  entire  series  of  cases  is  shown  in  Table  1,  and  the 
following  summary  of  the  several  observations  is  made  from  it. 


4.  A  few  thymus  glands,  because  of  their  great  lateral  extension  inferiorly, 
were  classified  as  ''broad"  even  though  their  craniocaudal  diameters  were  a 
little  greater  than  their  transverse  diameters — the  former  being  due  to  the 
presence  of  slender  cervical  processes  of  some  length. 

5.  Champneys,  F.  H.:  Artificial  Respiration  in  Stillborn  Children,  Med.-Chir. 
Tr.  Lond.  64:41,  1881. 
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Figs.  13  to  18  represent  a  series  of  dissections  of  chests  of  new-born  chil- 
dren illustrating  the  changes  in  the  form  of  the  thymus  coincident  with  the 
establishment  of  respiration. 

Fig.  13. — Anterior  dissection  of  the  thorax  of  a  new-born  which  had 
breathed  (No.  39,  485, mm.  long).  The  thymus  is  still  of  the  fetal  type  though 
it  evidently  was  already  compressed,  as  is  shown  by  the  cervical  portion  being 
forced  against  the.  thyroid  gland.  This  cervical  portion  was  7  mm.  in 
thickness. 


Fig.  14. — Anterior  dissection  of  the  thorax  of  a  new-born  which  had 
breathed  (No.  40,  501  mm.  long).  The  cervical  portion  of  the  thymus  extended 
to  the  thyroid  against  which  it  was  pressed,  and  then  projected  anteriorly.  The 
anterior  border  of  the  right  lung  and  the  anterior-inferior  angles  of  both 
lungs  show  the  characteristic  thickening  in  these  areas  in  the  earliest  stages 
in  the  establishment  of  respiration. 


Fig    15,— Anterior  dissection  of  the  thorax  of  a  premature  new-bom  (No. 
31,  402  mm.  long)  which  had  breathed.    The  thymus  has  a  very  wide  cervical      j 
portion  which  extended  to  the   inferior  border  of  the  thyroid  gland  agatnfi^glC 
which  it  was  compressed.  ■    / 


Fig.  16. — Anterior  dissection  of  the  thorax  of  a  premature  new-born  (No. 
29,  374  mm.  long)  which  had  breathed.  The  thymus  extended  so  far  posteriorly 
that  it  compressed  the  innominate  artery,  trachea  and  esophagus.  The  thymus 
is  markedly  compressed  from  side  to  side,  and  the  lobules  of  the  lungs,  ante- 
riorly, are  very  marked.  Figure  45  is  of  this  specimen  after  the  anterior  half  of 
the  thymus  was  dissected  away. 


Fig.  17. — Anterior  dissection  of  the  thorax  of  a  premature  new -bom  (No. 
32,  412  mm.  long)  which  had  breathed.  The  cervical  portion  is  quite  large, 
and  extends  to  the  thyroid.  The  inferiormedial  angles  of  the  lungs  have 
extended  almost  to  the  midline — ^the  right  lung  practically  reaching  it. 


Fig.  18. — Anterior  dissection  of  the  thorax  of  a  newborn  (No.  41,  510  mm. 
long)  which  had  evidently  breathed  longer  than  any  other  in  the  series.  The 
thymus  is  markedly  compressed,  the  right  lung  has  crossed  the  midline,  and 
the  left  in  its  middle  region  has  reached  it.  The  thymus  does  not  extend  far 
into  the  cervical  region,  but  it  does  extend  very  far  down  on  the  right  ven- 
tricle. It  is,  like  all  the  others,  marked  by  a  groove  where  it  was  in  contact 
with  the  superior  border  of  the  manubrium  sterni.  Posteriorljr^lK^mpressed 
the  aortic  arch,  innominate  artery  and  trachea. 


The  predominating  location  of  the  thymus  is  cervicothoracic,  this 
position  being  found  in  fifty-one  cases,  or  82.2  per  cent.  The  thoracic 
location  was  found  in  eleven  cases,  or  17.8  per  cent.  The  bilobed  type 
of  thymus  predominates,  with  a  total  of  thirty-nine  cases,  or  62.9  per 
cent.  The  conglomerate,  trilobed,  and  unilobed  thymus  follow  in  fre- 
quency; the  conglomerate  with  ten  cases,  or  16.1  per  cent.,  the  trilobed 
with  seven  cases,  or  11.1  per  cent.,  and  the  unilobed  with  six  cases, 
or  9.9  per  cent.  The  thymus  was  overlapped  by  the  right  lung  in 
twenty  cases,  or  32.2  per  cent.,  and  by  the  left  lung  in  eighteen  cases, 
or  29  per  cent.  The  right  portion  of  the  thymus  overlapped  the  right 
ventricle  in  ten  cases,  or  16.1  per  cent.,  and  the  left  portion  of  the  organ 
overlapped  the  right  ventricle  in  seventeen  cases,  or  27.3  per  cent.  A 
broad  thymus  was  present  in  forty-one  cases,  or  66.2  per  cent.,  and  an 
elongate  thymus  in  twenty-one  cases,  or  33.8  per  cent.  The  above 
figures  are  for  the  entire  series  and,  therefore,  include  the  individuals 
that  have  not  breathed  as  well  as  those  who  have  breathed. 

B.  Analysis  of  cases  in  which  respiration  had  not  been  established. 
— When  the  individuals  who  have  not  breathed  are  considered  as  a 
separate  group  (Table  2)  the  following  results  are  obtained. 

The  most  frequent  location  of  the  thymus  is  cervicothoracic,  with 
a  total  of  thirty-six  cases,  or  80  per  cent.  The  bilobed  thymus  is  the 
most  common  in  this  group,  forming  57.8  per  cent,  of  the  total  number. 
The  conglomerate  type  ranks  next  with  nine  cases,  or  20  per  cent., 
the  unilobular  numbers  six  cases,  or  13.4  per  cent.,  and  the  trilobed  is 
least  numerous,  being  represented  by  only  four  cases,  or  8.8  per  cent. 
The  thymus  is  overlapped  by  the  right  lung  in  but  three  cases,  or  6.6 
per  cent.,  and  by  the  left  lung  in  only  two  cases,  or  4.4  per  cent. 

These  figures  indicate  that  in  the  nonbreathing  individuals  there  is 
practically  no  overlapping  of  the  thymus  by  the  lungs.  In  no  case  in 
the  nonbreathing  group  did  the  right  portion  of  the  thymus  extend 
over  the  right  ventricle  of  the  heart,  and  the  left  portion  projected  on 
the  right  ventricle  in  only  two  cases,  or  4.4  per  cent.  The  broad  type 
of  thymus  predominates  in  the  nonbreathing  group,  with  a  total  of 
thirty-seven  cases,  or  82.3  per  cent.  The  elongate  type  occurs  in  only 
eight  cases,  or  17.7  per  cent. 

The  individuals  who  have  not  breathed  were  also  arranged  into  two 
subgroups  according  to  total  body  length  (Table  2).  The  first  sub- 
group included  all  specimens  of  30  cm.  or  less  and  contains  twenty-one 
cases.  The  second  subgroup  incltides  all  cases  above  30  cm.  and  con- 
tains twenty-four  cases.  The  lobation  in  both  these  groups  is  similar 
to  the  whole  nonbreathing  series,  i.e.,  predominantly  bilobed.  The 
thoracic  thymus  is  slightly  more  common  in  the  second  group.  This 
may  be  interpreted  as  representing  a  stage  in  the  migration  of  the 
thymus  from  its  embryonic  position  in  the  cervical  region,  to  its  final 
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TABLE  1.— -Tabulation  of  the  Several  Observations  Made  on  the  Entire 
Series  of  Thymus  Glands.     Nos.  1  to  42,  Inclusive,  Were  Dissec- 
tions; Nos.  43  TO  58,  Inclusive,  Were  Transverse  Sections, 
AND  Nos.  59  TO  65  Were  Necropsies 


Series 

Stand- 

Type 

Lobatlon 

Langs 
Overlap 

Thymus 
Extend  on 

Porm 

Num- 

ing 

Sex 

of 

of 

Thymus 

Ventricle 

of 

Breathed 

ber 

Helgbt 

Thymus 

Thymus 

Thymus 

Bight 

Left 

Right      Left 

1 

100 

P 

C-T 

Cong. 





"~      1      — 

B 

_ 

2 

119 

M 

C-T 

Bi. 

— 

— 

—     1      — 

E 

— 

S 

123 

P 

Th. 

Unl. 

— 

— 

—           — 

E 



4 

183 

P 

C-T 

Bi. 

— 

— 

—     1      — 

E      ' 

— 

5 

143 

M 

Tb. 

Cong. 

— 

— 

— -           — 

B 



6 

186 

P 

C-T 

Unl. 



— 

—           — 

E 

— 

r 

20O 

P 

C-T 

Bi. 

_ 

— 

— 

E 



8 

220 

P 

C-T 

Bi. 

— 

— 

—           — 

B 

— 

9 

228 

P 

C-T 

Bi. 





— 

B 



10 

228 

M 

C-T 

TrI. 

— 

— 

—           — 

E 

— 

11 

224 

P 

C-T 

BI. 

— 

— 

—           — 

B 

— 

12 

226 

M 

O-T 

Cong. 

— 

— 

— -           — 

B 

— 

13 

284 

P 

C-T 

Cong. 

— 

_ 

1      "" 

B 

— 

14 

285 

M 

Tb. 

TrI. 

— 

— 

B 

— 

15 

248 

P 

O-T 

Bi. 

— 

— 

—           — 

B 

._ 

16 

246 

M 

C-T 

BI. 

— 

— 

—           — 

B 

— 

17 

253 

P 

C-T 

BI. 

— 

— 

—           — 

B 

— 

18 

283 

M 

C-T 

BI. 

— 

— 

—      1      — 

E 

__ 

19 

283 

P 

C-T 

BI. 

— 

— 

—      ,      — 

E 



20 

295 

P 

C-T 

TrI. 

'— 

— 

—           — 

B 

- 

21 

300 

P 

C-T 

Unl- 

— 

— 

—           — 

B 

22 

308 

P 

C-T 

Cong. 

— 

— 

—           — 

B 

— 

28 

313 

P 

C-T 

Cong. 

.i— 

— 

—           — 

B 

— 

24 

325 

M 

C-T 

BI. 

— 

— 

—           — - 

B 

— 

25 

331 

P 

C-T 

BI. 

— 

— 

—             4- 

B 

— 

26 

882 

M 

C-T 

BI. 

— 

— 

—             — 

B 

— 

27 

887 

P 

C-T 

BI. 

— 

— 

-      1       4- 

B 

— 

28 

864 

P 

C-T 

Cong. 

+ 

4- 

—              4- 

B 

— 

29 

374 

P 

C-T 

lYI. 

+ 

4- 

4-       ,       4- 

E* 

-;. 

30 

884 

P 

C-T 

Tri. 

— 

— 

-             + 

B 

— 

81 

402 

P 

C-T 

TrI. 

+ 

4- 

4-              4- 

Bt 

4- 

32 

412 

P 

C-T 

Bi. 

+ 

4- 

4-             4- 

E 

4- 

88 

421 

M 

C-T 

Cong. 

4- 

4- 

+             + 

Et 

4- 

34 

402 

P 

C-T 

BI. 

+ 

4- 

4-             4- 

E't 

4- 

85 

488 

P 

C-T 

Cong. 

— 

—             — 

B 

— 

36 

448 

P 

Tb. 

BI. 

— 

— 

B 

— 

87 

453 

P 

C-T 

Bi. 

— 

— 

1 

B 

— 

38 

470 

P 

Tb. 

BI. 

-1- 

4- 

—             — 

B* 

4- 

89 

485 

M 

C-T 

Bi. 

+ 

— 

—             4- 

B» 

— 

40 

501 

P 

C-T 

TrI. 

+ 

4- 

+       1       + 

BM 

4- 

41 

610 

P 

C-T 

Bi. 

+ 

4- 

4-      '       4- 

£• 

4- 

42 

616 

P 

O-T 

Cong. 

— 

— 

—            — 

B 

— 

43 

295 

P 

C-T 

Unl. 

— 

— 

—            — 

B 

— 

44 

310 

P 

C-T 

BI. 

+ 

4- 

—             4- 

E 

4- 

45 

320 

M 

C-T 

Bi. 

— 

— 

—      1      — 

B 

— 

46 

340 

P 

Tb. 

Bi. 

— 

— 

—            _ 

B 

— 

47 

360 

P 

O-T 

Bi. 

— 

— 

—             4- 

B 

— 

48 

870 

M 

C-T 

Bi. 

— 

— 

—            — 

B 

— 

49 

373 

M 

Th. 

Bi. 

— 

~~ 

—            — 

B 

— 

SO 

875 

P 

C-T 

BI. 

-H 

+ 

__            _ 

E 

4- 

51 

380 

M 

C-T 

BI. 

+ 

4- 

4-             4- 

E 

4- 

52 

380 

P 

C-T 

BI. 

+             -H 

4- 

4- 

E 

4- 

53 

382 

M 

C-T 

BI. 

+             + 

4- 

4- 

E 

4- 

54 

410 

M 

C-T 

BI. 

— 

- 

— 

— r 

B 

— 

55 

420 

F 

C-T 

Bi. 

— 

— 

— 

B 

— 

56 

430 

P 

C-T 

BI. 

-J- 

— 

—            —. 

£ 

4- 

57 

480 

M 

Tb. 

Unl. 

— 

— 

—            — 

B 

— 

58 

510 

P 

Th. 

Bi. 

— 

— 

—            — 

B 

— 

59 

370 

P 

C-T 

Bi. 

+ 

4- 

—            — 

B 

4- 

60 

515 

P 

C-T 

BI. 

— 

— 

— 

— 

B 

— 

61 

306 

P 

C-T 

Bi. 

4- 

4- 

— 

4- 

E 

4- 

62 

450 

M 

Tb. 

BI. 

+             + 

— 

4- 

£ 

4- 

63 

14  mo. 

P 

Tb. 

BI. 

+             + 

4- 

4- 

E 

4- 

64 

610 

M 

O-T 

BI. 

+             4- 

+       i      - 

B 

4- 

65 

550 

P 

C-T 

Cong. 

+      1       + 

1 

4-       '      — 

t 

E 

4- 

*  Constriction  or  flattening  of  structures  posterior  to  thymus, 
t  Cervical  part  of  thymus  very  large. 
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position  in  the  thorax  in  postnatal  life.®  There^is  no  overlapping  of 
the  thymus  by  the  lungs  in  the  first  group,  and  but  a  few  instances  of 
slight  overlapping  in  the  second  group  which  are  probably  due  to  the 
inclusion  of  a  few  individuals  suspected  of  having  breathed  slightly. 
The  thymus  in  no  case  in  the  first  group  extends  on  either  side  on  the 
right  ventricle.    In  the  second  group  the  thymus  in  a  few  cases  extends 

TABLE    2. — Condition   of  the  Thymus  in    Individuals   Which 
Have   Not   Breathed 


Specimens  100  to  300  Mm. 
in  Length  (21  Oases) 


Specimens  900  to  315  Mm. 
In  Length  (24  Oases) 


Number 


Per  Cent. 


Number 


Per  Cent. 


Lobation  of  Thymus     . 

Unilobar 

Bllobar 

Trilobar 

Conglomerate 

Position  of  Thymus 

Oervieothoracic 

Thoracic 

Lungs  Overlap  Thymus 

Bight  Bide 

Leftside 

Thymus  Extends  on  Ventricle 

Bight  side 

Leftside: 

Form  of  Thymus 

Broad 

Elongate 


3 
11 
3 

4 

18 
3 

0 
0 

0 
0 

13 
8 


14.3 
5-2.4 
14.3 
19.0 

85.7 
14.3 

0.0 
0.0 

0.0 
0.0 

61.9 
38.1 


16 

1 
5 

19 
6 

2 
1 

1 
4 

24 
G 


8.8 

66.7 

4.1 

20.9 

79.1 
30.9 

8.4 
4.2 

4.2 
16.7 

100.0 
0.0 


TABLE  3.— Effect  of  the  Establishment  of  Respiration  on  the  Thymus 


Individuals  Which  Have 
Not  Breathed 

Individuals  Which  Have 
Breathed 

Number 

Per  Cent. 

1      Number 

Per  Cent. 

Position  of  Thymus 

Oervieothoracic 

86 

9 

6 
26 

4 
9 

3 
2 

0 
2 

87 
8 

80.0 
20.0 

13.4 
57.8 
8.8 
20.0 

6.6 
4.4 

0.0 
4.4 

82.8 
17.7 

1» 

i            * 

t             0 
16 
3 

1       ' 

20 

,            1» 

i           13 
16 

1            5 

80.0 

Tlioradc 

20.0 

Lobation  of  Thymus 

Unilobar 

0.0 

Bllobar 

76.0 

Trilobar 

15.0 

Oonglomerate 

10.0 

Lungs  Overlap  Thymus 

Bight  side 

lOO.O 

Left  side 

80.0 

Thymus  Extends  on  Ventricle 

Right  side 

65.0 

Leftside 

80.0 

Form  of  Thjrmus 

Broad 

26.0 

Elongate 

76.0 

on  the  left  ventricle;  this  is  probably  due  to  slight  breathing.  Less 
than  two-thirds  of  the  cases  in  the  first  group  have  the  broad  type  of 
thymus,  whereas  every  case  in  the  second  group  has  the  broad  th)anus. 
C.  Analysis  of  cases  in  which  respiration  was  partially  or  wholly 
established, — The  findings  regarding  the  thymus  in  the  group  of  cases 
in  which  respiration  was  partially  or  wholly  established  are  given  in 
Table  3. 


6.  Canelli,  H.  K.:  Contribute  alio  studio  anatomico  e  pathologico  dell  timo 
nella  prima  eta,  Pediatria  28:753,  1920. 
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The  most  common  position  of  the  thymus  in  individuals  who  have 
breathed,  as  in  the  entire  series,  is  the  cervicothoracic  with  a  total  of 
sixteen  cases,  or  80  per  cent.  The  thoracic  location  is  found  in  but 
four  cases,  or  20  per  cent.  The  bilobed  type  of  thymus  predominates 
in  this  group  with  a  total  of  fifteen  cases,  or  75  per  cent.  The  trilobed 
type  is  next  in  order  with  three  cases,  or  15  per  cent.  The  conglom- 
erate is  represented  by  but  two  cases,  or  10  per  cent.,  and  there  are 
no  unilobed  thymus  glands  present  in  this  group. 

These  results  in  regard  to  lobation  agree,  in  the  main,  with  the  find- 
ings of  most  other  observers  in  that  the  bilobed  type  is  generally 
described  as  being  the  most  prevalent. 

The  thymus  is  overlapped  by  the  right  lung  in  all  members  of  this 
group.  It  is  overlapped  by  the  left  lung  in  sixteen,  or  80  per  cent,  of 
the  cases.. 


Fig.  19. — A  graphic  reconstruction  of  No.  39  (485  mm.  long)  which  is  also 
shown  in  Figure  2.  The  overlapping  of  the  thymus  by  the  lung,  extent  of  cervical 
portion  of  the  thymus,  and  relation  of  thymus  to  sternum  and  ribs  are  shown 
in  this  and  the  following  graphic  reconstructions. 

Fig.  20. — Graphic  reconstruction  of  No.  40  (501  mm.  long)  which  is  also 
shown  in  Figure  3. 

• 

The  right  portion  of  the  thymus  extends  on  the  right  ventricle  of 
the  heart  in  thirteen  cases,  or  65  per  cent,  of  this  group.  The  entire 
series  shows  but  16.1  per  cent,  and  the  nonbreathing  group  shows  not 
a  single  case. 

The  left  portion  of  the  thymus  extends  on  the  right  ventricle  in 
sixteen  cases  of  this  group,  or  80  per  cent.  The  nonbreathing  group 
shows  but  4.4  per  cent. 

The  broad  type  of  thymus  occurs  in  but  five  cases,  or  25  per  cent, 
in  this  group,  and  the  elongate  thymus  in  fifteen  cases,  or  75  per  cent. 
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III.      DISCUSSION 

A.  The  Fetal  Thymus  and  its  Transformation  in  the  Neonatal 
Period. — From  the  observations  recorded  above  it  is  seen  that  the 
th3anus  in  the  latter  part  of  fetal  life  is  quite  constant  in  its  form,  and 
in  its  relation  to  other  organs  and  structures  in  the  thoracic  and  cervical 
regions.  Its  location  may  be  either  thoracic  or  cervicothoradc  with 
the  latter  location  the  more  frequent  (i.e.,  in  about  four  out  of  five 
cases).  The  organ  is  distinctly  broad  in  outline,  extending  laterally  as 
far  as  the  anterior  axillary  lines  in  most  cases.  The  number  of  lobes 
in  the  majority  of  cases  is  two — this  type  of  lobation  being  substantially 
the  same  as  is  found  in  postfetal  life.  The  fetal  thymus  is  practically 
never  overlapped  by  either  lung,  thus  leaving  its  anterior  surface 
directly  in  contact  with  the  posterior  surface  of  the  anterior  chest  wall. 


Fig.  21.— graphic  reconstruction  of  No.  31  (402  mm.  long)  which  is  also 
shown  in  Figure  4.  The  extension  of  the  thymus  over  the  ventricle  on  the 
left  side  is  clearly  shown.  The  right  lung  has  almost  reached  the  midline,  but 
the  anterior  margin  of  the  left  lung  is  still  a  great  distance  from  it. 

Fig.  22. — Graphic  reconstruction  of  No.  34  (401  mm.  long)  which  is  also 
shown  in  Figure  6.  The  overlapping  of  the  thymus  by  both  lungs,  and  the 
extent  of  the  thymus  inferiorly  on  the  right  ventricle  is  well  shown. 

Inferiorly,  the  organ  does  not  extend,  on  either  side,  on  the  surface  of 
the  right  ventricle  of  the  heart.  The  probable  explanation  of  the 
broad  type  of  thymus  in  late  fetal  life  lies  in  the  constant  increase  in 
the  relative  weight  of  this  organ  during  the  last  few  months  before 
birth.  This  fact  is  clearly  brought  out  by  the  collected  data  on  the 
weight  of  the  fetal  thymus  recorded  in  this  laboratory. 

The  distinctly  broad  type  of  thymus  described  above  as  being  of 
the  fetal  type  is  also  found  to  be  typical  of  full  term  stillborn  children. 
This  is  shown  in  Figure  31  (No.  60  of  the  series)  of  the  thymus  of  a 
full  term  stillborn  child.  The  lungs  in  this  case  did  not  extend  on  the 
anterior  surface  of  the  thymus  nor  did  this  organ  show  any  evidence  of 
molding. 


Digitized  by  VjOOQ IC 


14 

The  thymus  in  the  infant  in  which  respiration  has  been  partially  or 
wholly  established,  like  that  of  the  late  fetus,  is  usually  cervicothoradc 
in  location  and  is  also,  in  most  of  the  cases,  composed  of  two  lobes. 
But  it  is  elongate  in  form  and  bears  the  impress  of  the  organs  with 
which  it  is  in  contact.  The  right  lung  extends  on  its  anterior  surface 
in  every  case  and  the  left  lung  extends  over  its  anterior  surface  in  four 
out  of  five  cases.  The  thymus  overlaps  the  right  ventricle  of  the  heart 
on  the  right  side  in  more  than  50  per  cent,  of  the  cases,  and  on  the  left 
side  in  over  three-fourths  of  these  individuals. 

The  transition  from  the  broad  or  fetal  type  to  the  elongate  and 
molded  type  of  thymus  found  in  the  individuals  who  have  breathed  is 
accomplished  during  the  time  in  which  respiration  is  completely  estab- 


Fig.  23. — Graphic  reconstruction  of  No.  32  (412  mm.  long).  The  anterior 
dissection  is  shown  in  Figure  7. 

Fig.  24. — Graphic  reconstruction  of  No.  41  (510  mm.  long)  also  shown  in 
Figure  8.  The  extent  of  thymus  overlapped  by  the  lungs  is  indicated  by  the 
broken  line.  The  cervical  portion  of  the  thymus,  and  the  relation  of  the  thymus 
to  the  ribs  and  sternum  are  clearly  shown  in  this  drawing.  The  longitudinal 
axis  of  the  heart,  in  this  case,  is  much  more  nearly  vertical  than  in  any  of 
the  other  individuals  in  the  series.  It  will  also  be  noted  that  the  anterior- 
inferior  angles  of  both  lungs  extend  slightly  below  the  angle  of  the  costal 
arch.  The  outline  of  the  thoracic  cage,  on  comparison  with  the  cases  which 
have  breathed  less,  shows  that  it  has  become  more  narrow  and  ovoid  in  shape. 

lished.  The  expansion  of  the  lungs  changes  the  position  and  relations 
of  the  thoracic  contents,  and  along  with  the  other  organs  and  viscera  of 
the  thorax  the  thymus  is  markedly  affected.  It  is  compressed  both 
laterally  and  anteroposteriorly,  with  the  resultant  elongation  and  mold- 
ing, and  extension  over  the  right  ventricle. 
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The  thymus  glands  of  infants  who  have  breathed  a  very  short  time 
show  but  little  change  in  form  or  relations  from  the  broad  or  fetal 
type.  This  is  well  shown  in  Figure  33  (No.  65)  ;  (congenital  cystic 
kidneys).  This  infant  had  lived  half  an  hour,  and  in  that  time  the 
thymus  was  but  very  slightly  molded.  The  right  lung  overlapped  the 
thymus  slightly  as  did  also  the  left  lung.  The  thymus  was  flattened 
on  the  left  side  but  not  at  all  on  the  right.  The  right  lobe  was  very 
large  and  extended  posteriorly  to  a  marked  extent.  On  making  the 
floating  test,  it  was  found  that  only  a  small  part  of  the  right  lung 
floated,  whereas  the  entire  left  lung  did  so.  I  am  inclined  to  believe 
that  the  very  large  right  lobe  of  the  thymus  compressed  the  bronchus, 
thus  interfering  with  the  expansion  of  the  right  lung. 

The  molding  of  the  thymus  seems  to  be  quite  closely  related  with 
time  in  the  neonatal  period.  This  is  well  shown  in  Figures  31  to  36, 
inclusive.  The  thymus  of  an  infant  which  had  lived  four  hours  (cere- 
bral hemorrhage)  is  reproduced  in  Figure  32  (No.  64).  In  this  case 
the  thymus  was  overlapped  by  both  lungs  and  was  molded  by  them. 
The  organ  also  extended  on  the  right  ventricle  on  the  right  side.  Figure 
34  is  a  drawing  of  series  number  61,  a  premature  (whose  abortion 
was  induced  by  overactivity  on  the  part  of  the  mother)  which  had 
lived  twelve  hours.  The  lungs  overlapped  the  thymus  on  both  sides, 
distinctly  molding  the  organ  so  that  it  presents  lateral  depressions.  On 
the  left  side  the  thymus  extended  slightly  on  the  right  ventricle.  It 
resembles  closely  number  31  of  the  series,  as  may  be  seen  on  com- 
paring it  with  Figures  15  and  26.  The  thymus  of  an  infant  which 
had  breathed  twenty-six  hours  (diabetic  mother;  cesarian  section)  is 
shown  in  Figure  35.  It  is  number  62  of  the  series.  In  this  case  the 
lungs  overlapped  the  thymus  on  both  sides,  flattening  and  making 
definite  impressions  on  them.  The  thymus  is  elongated  and  extended 
on  the  right  ventricle  on  the  left  side.  This  specimen  is  very  similar 
to  that  of  number  29,  as  may  be  seen  on  comparison  with  Figures  16 
and  25.  The  thymus  of  a  14  months  old  child  was  found  to  be  of 
the  elongated  type,  very  thin,  and  convexly  molded  by  the  lungs  which 
completely  covered  the  organ.  It  corresponds  to  those  usually  described 
for  young  children  and  is  similar  to  the  figures  by  Spalteholz^®  of  a 
12  year  old  boy. 

It  may,  therefore,  be  said,  in  general,  that  the  thymus  glands 
observed  a^  necropsy,  taken  as  a  group,  indicate  that  the  molding  and 
changes  in  relations  of  the  organ  agree  with  those  found  in  my  cadaver 
series,  and  that  these  changes  take  place  very  early  in  life — in  fact, 
during  the  neonatal  period. 

Several  thymus  glands  which  were  removed  from  individuals  who 
had  breathed  were  drawn  to  a  standard  size ;  these  are  shown  as  Figures 
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25  to  30,  inclusive.  All  in  this  group  are  from  the  cases  in  which 
anterior  dissections  were  drawn,  except  Figures  27  and  29. 

This  series  of  drawings  shows  various  d^jees  of  molding  of  the 
thymus  which  correspond  with  the  extent  of  expansion  and  consequent 
compression  by  the  lungs.  The  transition  in  form  from  the  broad 
fetal  or  stillborn  type  to  the  markedly  molded  and  elongated  t)rpe  found 
in  the  individuals  who  have  breathed,  is  readily  seen  in  this  group. 
Most  of  these  thymus  glands  show  a  grooving  at  the  level  of  the  sternal 
notch,  thus  indicating  that  the  pressure  at  this  point  must  have  been 
very  great.   ' 

B.  The  Relation  of  the  Thymus  to  the  Anterior  Skeletal  Wall. — 
The  relation  of  the  thymus  to  the  anterior  skeletal  wall  in  the  late  fetal 
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Figs.  25  to  30  represent  a  group  of  thymus  glands  drawn, to  standard  size 
illustrating  the  effect  of  the  establishment  of  respiration  on  the  form  of  the 
thymus. 

Fig.  25. — Thymus  from  Case  39,  also  shown  in  situ  in  Figure  13.  This 
specimen  shows  a  slight  molding  by  the  overlapping  lungs.  Crown-heel  length 
of  this  specimen  485  mm. 

Fig.  2S, — Thymus  from  Case  31  (402  mm.  long)  shown  in  situ  in  Figure  15. 
The  compression  by  the  lungs  is  here  shown  by  the  lateral  molding  and  the 
anterior  depression  underlying  the  sternal  notch. 

Fig.  27. — Thymus  from  a  full  term  livebom  infant.  Marked  molding  due 
to  compression  by  the  lungs  and  a  depression  at  the  level  of  the  upper  border 
of  the  manubrium  sterni  is  well  shown. 

Fig.  28. — ^Thymus  from  Case  29  (374  mm.  long)  shown  in  situ  in  Figure  5. 
The  flattened  sides  and  depression  by  the  upper  border  of  the  manubrium 
sterni  are  well  shown. 

Fig.  29. — Thymus  of  a  livebom  infant  showing  very  marked  lateral  com- 
pression; this  figure  also  shows  the  groove  made  by  the  upper  border  of  the 
manubrium  sterni. 

Fig.  30. — ^Thymus  from  Case  41  (510  mm.  long)  shown  in  situ  in  Figure  18. 
The  marked  impression  on  the  left  and  molding  on  the  right  side  are  well 
shown.  A  conception  of  the  great  sagittal  extent  of  the  organ  may  be  obtained 
from  this  picture. 


Digitized  by  VjOOQ IC 


17 

stages  and  in  the  new-born  may  be  seen  in  Figures  19  to  24,  inclusive. 
These  are  graphic  reconstructions  of  Nos.  39,  40,  31,  34  and  41  of 
my  series.  These  specimens  are  also  shown  in  Figures  13  to  18, 
inclusive. 

The  degree  of  expansion  of  the  lungs  influences  the  extent  of  the 
thymus  lateral  to  the  borders  of  the  sternum  and  also  the  extent  of. 
the  thymus  inferiorly.  In  the  late  fetus  and  in  the  stillborn  the  thymus 
extends  as  far  laterally  as  the  anterior  axillary  line.  In  cases  of  slight 
breathing,  it  was  noted  that  it  was  the  right  lung  which  had  made 
the  greatest  advance  toward  the  median  line,  and  that  the  th)rmus  on 
this  side  was  less  extensive  than  on  the  left.  The  inferior  limits  of 
the  thymus  in  the  stillborn  was,  in  most  cases,  at  the  upper  border  of 
the  fourth  costal  cartilage  with  but  a  few  as  low  as  the  upper  border 
of  the  fifth  costal  cartilage.  In  the  individuals  who  had  breathed,  the 
lateral  extent  of  the  thymus  was  slight,  and  occasionally  not  at  all  on 
one  side.  The  inferior  limit  of  the  thymus  in  these  cases  was,  as  a 
rule,  somewhat  lower.  A  few  were  at  the  level  of  the  upper  border  of 
the  fourth  costal  cartilage,  but  those  whose  lungs  were  well  expanded 
extended  as  far  inferiorly  as  the  upper  border  of  the  sixth  costal 
cartilage. 

In  general,  the  outline  of  the  thymus  on  the  anterior  chest  wall  is 
described  in  the  literature  as  a  triangular  area  with  the  base  extending 
horizontally  from  one  sternoclavicular  joint  to  the  other.  The  sides  of 
the  triangle  extend  inferiomedially  from  these  joints  to  the  level  of  the 
second,  third  or  fourth  rib — the  latter  limit  varying  with  different 
authors.  It  is  held  that  a  thymus  lying  within  the  above  limits  is  of 
normal  size,  and  that  if  the  thymus  extends  lateral  to  the  sides  of 
the  triangle  it  is  probably  enlarged.  This  enlarged  or  hypertrophied 
thymus  is  then  suspected  of  exerting  pressure  on  the  structures  adja- 
cent to  it. 

The  findings  here  presented  indicate  that  in  the  neonatal  period, 
the  degree  of  expansion  of  the  lungs  is  a  more  potent  factor  in  deter- 
mining the  lateral  extent  of  the  thymus  than  is  the  actual  size  of  this 
organ.  In  this  connection  it  may  be  pointed  out  that  during  the  period 
of  the  new-born  at  least,  a  thymus  lying  within  the  usually  described 
normal  area  may  exert  marked  pressure  on  the  structures  posterior  to 
it.  This  is  the  condition  which  was  present  in  No.  41  of  my  series  of 
cases.  Figure  24  is  a  drawing  of  the  graphic  reconstruction  of  this 
case;  Figure  18  is  from  the  anterior  dissection,  and  Figure  30  is  of 
the  thymus  after  removal.  (See  also  Figure  45  which  shows  another 
case  in  which  the  greater  part  of  the  thymus  has  been  removed.) 
I  believe  as  Warthin^  points  out,  that  the  anteroposterior  extent  of 


7.  Warthin,  A.  S.:  Pathology  of  Thymic  Hyperplasia  and  Status  Lymphati- 
cus.  Arch.  Pcdiat.  26:597,  1919. 
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the  organ  as  well  as  its  transverse  extent  is  an  important  point  in  deter- 
mining whether  or  not  a  thymus  is  enlarged. 

C.  The  Posterior  Relations  of  the  Thymus, — The  posterior  rela- 
tions of  the  thymus  are  in  a  measure  determined  by  its  craniocaudal 
diameter.  A  cervicothoracic  thymus  may  extend  far  into  the  neck  and 
meet  the  inferior  border  of  the  thyroid,  as  is  the  case  in  Nos.  34  and  40 
of  my  series.  In  these  cases  the  thymus,  after  coming  in  contact  with 
the  inferior  border  of  the  thyroid,  turned  anteriorly  and  laterally.  On 
the  other  hand,  the  thymus  may  extend  inferiorly  to  such  an  extent 
that  it  will  lie  on  the  right  ventricle. 


31 


32 


ZZ 


A 131 


34 


35 


36 


Figs.  31  to  45  represent  a  series  of  thymus  glands  secured  at  necropsy  and 
hardened  by  immersion  in  chrome- formol.  The  form  of  the  specimens  was 
preserved  by  mounting  them  on  pads  of  cotton. 

Fig.  31.— No.  60  (315  mm.  long)  full  term  stillborn. 

Fig.  32. — No.  64,  full  term  infant  which  had  lived  four  hours. 

Fig.  33. — No.  59  (370  mm.  long)  premature  infant. 

Fig.  34. — No.  61  (305  mm.  long)  premature  which  lived  twelve  hours. 

Fig.  35. — No.  62  (450  mm.  long)  new-bom  infant  which  had  lived  twenty- 
six  hours. 

Fig.  36. — No.  63.  Thymus  of  a  14  months  old  girl.  This  thymus  was  mark- 
edly molded  and  compressed.     Its  anterior-posterior  diameter  was  but  4  mm. 

The  thymus  in  late  fetal  life  and  in  the  new-born  is  related  pos- 
teriorly to  the  pericardium  over  the  base  of  the  heart  and  great  vessels. 
On  the  left  it  may  extend,  in  exceptional  instances,  as  in  one  of  this 
series,  to  the  left  vagus  nerve.  On  the  right  it  is  generally  found  to  be 
applied  closely  to  the  superior  vena  cava.  The  left  innominate  vein, 
and,  occasionally,  the  superior  vena  cava,  is  embedded  in  the  posterior 
aspect  of  the  thymus.  In  a  few  cases  it  was  found  that  these  vessels 
actually  ran  through  the  substance  of  the  gland.  The  innominate  artery 
is  closely  applie.d  to  the  trachea  and  crosses  it  diagonally,  and  the  left 
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innominate  vein  passes  across  the  artery  at  the  level  of  the  upper 
border  of  the  sternum.  An  increase  in  the  anteriorposterior  extent 
of  the  thymus  in  this  region  would,  due  to  the  rigidity  of  the  superior 
thoracic  aperture,  compress  the  above  named  structures.  In  several 
of  my  cases  this  had  evidently  occurred.  In  these  specimens  the 
innominate  artery  was  so  greatly  compressed  against  the  trachea  that 
it  left  a  definite   furrow  marking  its  course   across   this   tube  thus 
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Fig.  37. — Cross  section  of  No.  51  (380  mm.)  through  the  cervical  region 
just  above  the  sternal  notch;  the  thymus  is  bilobed. 

Fig.  38. — Cross  section  of  the  thorax  of  a  full  term  fetus  510  mm.  long 
(stillborn),  below  the  sternal  notch  and  above  the  aortic  arch,  showing  the 
broad  type  of  thymus.  It  will  be  noted  that  the  innominate  vein  passes  through 
the  thymic  substance  to  join  its  fellow,  and  that  the  thymic  substance  extends 
posteriorly  as  far  as  the  posterior  wall  of  the  esophagus. 
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Fig.  39. — Cross  section  of  the  thorax  of  a  new-born  infant  410  mm.  long. 
This  section  shows  a  broad  thymus  with  a  rather  extensive  anteriorposterior 
diameter. 

Fig.  40. — Cross  section  of  the  thorax  of  a  stillborn  full  term  fetus  (480  mm.). 
This  shows  the  characteristic  broad  type  of  thymus  found  in  the  late  fetus  and 
stillborn.  This  section  is  at  the  level  of  the  aortic  arch  and  shows  a  very 
marked  posterior  prolongation  of  the  thymus.  The  convex  sides  of  the  thymus, 
characteristic  in  the  stillborn,  is  well  illustrated  here.  An  evident  constriction 
of  the  trachea  due  to  partial  surrounding  by  thymic  substance  is  clearly  shown. 
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markedly  reducing  the  lumen.  In  one  case  the  esophagus  was  in  turn 
compressed  by  the  trachea  so  that  its  right  border  was  reduced  to  knife- 
edge  while  its  left  border  was  rounded.  In  another  case,  the  esophagus 
had  a  marked  dilatation  on  the  right  side  just  superior  to  the  con- 
striction. In  still  another  case  the  thymus  posteriorly  partially  envel- 
oped the  arch  of  the  aorta  so  that  the  transverse  diameter  of  this  vessel 
was  only  half  its  anteriorposterior  diameter  (Fig.  45). 

The  thymus  may  not  only  compress  the  structures  that  lie  posterior 
to  it,  but  portions  of  it  may  project  posteriorly  and  thus  interfere  with 
the  structures  there  situated.  An  example  of  this  is  shown  in  Figiu-es 
43  and  44,  which  were  drawn  from  series  No.  27.  This  infant, 
according  to  the  criteria  used,  had  not  breathed.  The  superior  portion 
of  the  thymus  extended  posteriorly  between  the  innominate  artery  and 
the  left  common  carotid  until  it  pressed  against  and  constricted  the 
trachea.  The  thymus  must  have  compressed  the  left  innominate  vein 
a  little  lower  so  that  the  artery,  in  turn,  was  flattened  against  the 
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Fig.  41. — Cross  section  of  the  thorax  of  an  eight  month  stillborn  fetus 
(No.  54,  410  mm.)  through  the  level  of  the  aortic  arch.  This  figure  shows  an 
isolated  portion  of  the  thymus  situated  between  the  superior  vena  cava  and 
the  beginning  of  the  tracheal  bifurcation.  At  a  higher  level  this  small  portion 
was  continuous  with  the  main  mass  of  thymus. 

Fig.  42. — Cross  section  through  the  atria  and  the  right  ventricle  of  the 
heart  of  a  new-born  infant.  The  thymus  in  this  case  passes  over  the  right 
atrium  and  extends  on  the  right  ventricle.  The  flattened  left  lateral  surface, 
the  overlapping  by  the  right  lung,  and  the  extent  of  the  thymus  on  the  right 
ventricle  would  indicate  that  this  individual  had  breathed. 

trachea  with  the  consequent  constriction  of  the  latter  structure.  The 
esophagus  in  this  region  in  cross-section  was  somewhat  triangular  in 
outline  with  the  sharp  apex  lying  under  cover  of  the  trachea.  Figure 
44  shows  the  deep  groove  in  the  anterior  wall  of  the  trachea.  This 
groove  was  situated  just  above  the  level  of  the  sternal  notch  which 
thus  emphasizes  the  fact  that  in  the  late  fetus  and  in, the  stillborn 
the  tracheal  bifurcation  is  much  nearer  the  sternal  notch  than  in 
later  life. 
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The  cross  sections,  several  of  which  are  here  reproduced,  are  also 
instructive  from  the  point  of  view  of  posterior  relations  of  the  thymus. 

A  section  through  the  cervical  region  just  above  the  sternal  notch 
is  shown  in  Figure  37.  The  thymus  in  this  specimen  was  bilobed  and 
extended  posteriorly  on  the  left  as  far  as  the  anterior  surface  of  the 
esophagus.  It  was  also  slightly  in  contact  with  the  left  lateral  surface 
of  the  trachea. 
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Fig.  43. — Drawings  of  Case  27  (premature,  337  mm.  long)  showing  com- 
pression of  structures  posterior  to  the  thymus,  (a)  The  molded  thymus,  com- 
pressed great  vessels,  trachea  and  esophagus  are  shown  in  their  relative  posi- 
tions. The  thymus  shows  the  grove  for  the  left  innominate  vein  and  a  posterior- 
superior  knoblike  process  which  projected  between  the  innominate  artery  and 
left  common  carotid  and  against  the  trachea  which  it  compressed.  The  innom- 
inate artery  is  seen  to  be  flattened  by  the  thymus — and  in  turn  compressed  the 
trachea,  (b)  Posterior  view  of  thymus,  heart  and  arteries,  (c)  Lateral  view 
of  the  compressed  trachea  showing  the  markedly  flattened  right  border  of  the 
esophagus. 

A  section  through  a  lower  level,  i.e.,  through  the  manubrium  sterni 
and  above  the  aortic  arch  of  a  full  term  fetus  is  shown  in  Figure  38. 
It  shows  a  broad  thymus  through  which  the  left  innominate  vein  passed 
as  it  joined  its  fellow  forming  the  superior  vena  cava.  It  seems  logical 
to  assume  from  this  relation  that  marked  congestion  or  compression 
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of  this  thymus  would  lead  to  a  cyanotic  condition  of  the  head,  neck 
and  upper  extremities.  The  greater  posterior  extent  of  the  thymus  in 
this  case  is  on  the  left  side  and  a  tongue-like  process  extends  as  far 
backward  as  the  posterior  wall  of  the  esophagus.  It  is  also  in  contact 
with  the  right  side  of  the  trachea  and  has  evidently  compressed  the 
innominate  artery  and  the  trachea  to  a  slight  degree. 

Figure  39  is  of  a  section  through  the  level  of  the  tracheal  bifurcation 
of  a  stillborn  child.  The  thymus  here  is  of  the  broad  type  with  a 
marked  anteriorposterior  diameter.  On  the  left  side,  the  thymus  *j 
seen  to  extend  even  posterior  to  the  trachea  though  it  is  not  in  direct 
contact  with  it.  On  the  right  side,  the  anterior  surface  of  the  superior 
vena  cava  is  in  direct  contact  with  the  thymus  and  is  partially  envel- 
oped by  it. 


44  45 

Fig.  44. — No.  27  (premature  ZZ7  mm.  long),  anterior  view  of  the  com- 
pressed trachea  showing  the  diagonal  course  of  the  innominate  artery,  as  is 
indicated  by  the  furrow  the  artery  has  made  on  the  trachea. 

Fig.  45. — Drawing  of  Case  29  (premature  374  mm.  long).  The  greater  part 
of  the  thymus  has  been  removed  and  only  enough  left  so  as  to  show  its  extent 
posteriorly.  The  thymus  encloses  the  aortic  arch.  The  oblique  course  of  the 
innominate  artery  as  well  as  its  impression  on  the  anterior  surface  of  tlie 
trachea  is  shown. 

A  section  at  a  lower  level — through  the  arch  of  the  aorta  of  a 
stillborn  child  is  shown  in  Figure  40.  We  have  here  a  very  broad 
thymus  which  in  this  case  extends  posteriorly  to  a  very  great  degree. 
It  is  seen  projecting  between  the  arch  of  the  aorta  and  the  superior  vena 
cava  and  continues  posteriorly  as  far  as  the  anterior  surface  of  the 
esophagus.  This  thymus  bears  a  medial  indentation  into  which  fitted 
the  right  third  of  the  tracheal  bifurcation. 

Figure  41  (stillborn  child)  is  also  a  cross  section  through  the 
tracheal  bifurcation  but  at  a  lower  level  than  the  preceding  one.  It 
has  the  broad  type  of  thymus  with  the  lungs  not  extending  over  the 
anterior  aspect  of  the  former.    This  thymus  is  noteworthy,  due  to  the 
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posterior  projection  which  is  here  shown  as  an  isolated  mass.  This 
mass  was  continuous  with  the  main  part  of  the  thymus  at  a  higher 
level.  At  this  level  it  is  situated  between  the  superior  vena  cava  and 
the  tracheal  bifurcation. 

A  transection  through  a  much  lower  level  (Figure  42,  through 
the  heart)  shows  the  thymus  extending  on  the  right  ventricle  on  the 
left  side  and  the  overlapping  of  the  right  atrium  on  the  right  side. 
The  left  lung  does  not  extend  on  the  anterior  surface  of  the  thymus 
but  the  right  lung  does  so  slightly,  thus  indicating  that  this  individual 
had  breathed  at  least  to  a  limited  extent. 

D.  Farm  and  Topography  of  the  Thymus  in  Infancy  and  Child- 
hood as  Described  in  the  Literature. — The  descriptions  and  figures  of 
the  thymus  which  are  presented  in  the  various  texts,  atlases  and  clinical 
publications  give  little  indication  of  the  changes  in  form  and  relations 
which  the  organ  undergoes  in  the  neonatal  period.  This  is  true  despite 
the  fact  that  the  literature  contains  many  figures  of  "new-born"  thymus 
glands  which  vary  widely  in  size,  form  and  relations. 

Applying  the  same  criteria  to  descriptions  and  figures  of  the  thymus 
glands  in  the  literature  as  was  used  for  the  material  presented  here, 
it  is  possible  to  discern  the  same  two  general  types,  i.e.,  broad  and 
elongate.  At  least  three-fourths  of  the  descriptions  and  illustrations 
of  the  thymus  in  the  new-bom  conform  to  the  type  designated  as 
"broad."  « 


8.  Cooper,  A.:  The  Anatomy  of  the  Thymus  Gland,  American  Edition, 
Philadelphia,  1845. 

Luschka,  H. :  Die  Anatomie  des  Menschen,  1863,  Tubingen  2:324,  et  seq.. 
Figure  26. 

Mettenheimer,  H. :  Topograph ische  Anatomie  der  Brust  des  neugeboreneu 
Kindes,  Morphol.  Arbeit.  S:3Q2  et  seq.,  1894. 

Gegenbaur,  C:  Lehrbuch  der  Anatomie  des  Menschen,  Ed.  6,  1896,  2:123, 
Figure  463. 

Chievitz,  J.  H. :  Topographical  Anatomy  of  a  Full-Term  Human  Fetus  in 
Situ,  Copenhagen,  1899,  Figure  7. 

Zuckerkandl,  E. :  Atlas  der  Topographischen  Anatomie  des  Menschen,  1914, 
p.  244,  Figure  288. 

Sobotta,  J.:  In  Bardeleben,  Handbuch  der  Anatomie  des  Menschen,  pp.  116, 
122,  129;  Figures  3,  9,  13;  1914. 

Fetterolf,  G.,  and  Gittings,  J.  C. :  Some  Anatomic  Features  of  the  Child's 
Thorax,  Am.  J.  Dis.  Child.  1:6  (Jan.)  1911. 

Cunningham:  Textbook  of  Anatomy,  Ed.  4,  1913,  pi.  1349,  Figure;  1059. 

Quain-SchaefFer :  Elements  of  Human  Anatomy,  Ed.  11,  1914,  1:2,  p.  325. 

Rauber-Kopsch :  Lehrbuch  der  Anatomie,  1914,  4:  p.  236.  Figure  289. 

Coplin,  W.  M.  L. :  loc.  cit. 

Hammar,  J.  A.:  Gewisse  Falle  von  Thymus  Asthma  im  Lichte  der  Thymus- 
topographie,  Ztschr.  f.  Kinderh.  IS: 226  et  seq.,  1915;  Figures  4,  5.  6. 

Sjollander,  A.,  and  Strandberg,  A. :  Om  nerverna  till  thymus,  Upsala  Lakare- 
forenings  Forhandlingar  20:244,  1915. 

Gray-Lewis:  Anatomy  of  the  Human  Body,  1920,  p.  1273,  Figure  1178. 
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I  found  but  three  instances  in  the  b'terature  in  which  the  thymus 
of  the  new-born  is  described  as  elongate,  and  only  three  illustrations 
which  show  this  form  of  thymus  at  birth."  The  descriptions  and  illus- 
trations of  thymus  glands  in  individuals  one  month  and  older  are  all 
of  the  elongate  type.^®  All  of  the  broad  type  thymus  glands  in  the 
literature  have  corresponding  cases  in  the  present  series.  Since  they 
are  of  this  type,  and  are  not  at  all  overlapped  or  molded  by  the  lungs, 
and  have  counterparts  that  have  not  breathed,  I  conclude  that  they  are 
from  stillborn  individuals. 

.  The  above  mentioned  illustrations  and  descriptions  from  the  litera- 
ture show  clearly. the  use  of  both  broad  and  elongate  types  in  descrip- 
tions of  the  thymus  in  the  "new-bom."  In  some  cases  terms  such  as 
"fetus  at  term,"  "full  term  fetus,"  "  etc.,  are  used.  In  the  latter,  the 
tliymus  glands  illustrated  or  described  are  evidently  from  livebom 
individuals. 

These  terms  are  confusing,  and  it  seems  that  the  terms  "stillborn" 
and  "liveborn"  would  be  more  appropriate  in  describing  organs  in  the 
new-born  since  it  is  evidently  to  the  living  that  the  information  will 
be  applied. 

I  have  been  able  to  find  but  three  references  in  the  literature  which 
indicate  that  the  establishment  of  respiration  has  any  possible  connec- 
tion with  the  form  and  relations  of  the  thymus.  Sappey  "  states  that 
the  thymus  in  the  infant  which  has  not  breathed  is  of  large  size,  thus 
suggesting  the  broad  type.  Hammar  ^*  in  discussing  the  thymus  in 
the  new-born  describes  it  as  a  distinctly  wide  organ  whose  lateral  sur- 


9.  Huntington,  G.  S. :  Topographic  Anatomy  of  the  Thorax  in  the  Fetus 
at  Term.    Report  New  York  Lying-:In  Society,  1897,  New  York. 

Poirier  and  Charpy:  Traite  d'anatomie  humaine,  Ed.  2,  1911,  4:568, 
Figure  304. 

Testut  and  Jacob:  Traite  d'anatomie  topograph! que,  Ed.  2,  1909,  1:839,  840, 
Figures  592,  593. 

Coming,  H.  K. :  Lehrbuch  der  topographische  Anatomie,  Ed.  3,  1911,  p.  304, 
Figure  237. 

Bardeleben,  K. :  Atlas  der  topographische  Anatomie  des  Menschen,  1906. 
p.  63,  Figure  118. 

Morris- Jackson :  Textbook  of  Human  Anatomy,  Ed.  5,  1914,  p.  1320. 
Figure  1074. 

10.  Joessel,  J. :  Lehrbuch  der  Topographische  Chirurgischen  Anatomie,  Bonn. 
Ed.  2.  1899,  p.  74,  Figure  16. 

Piersol,   G.  A. :   Anatomy  of  the  human  body,   Philadelphia,   1908,  p.   1273, , 
Figure  1178. 

Olivier,  M.  E. :  Anatomie  topographique  et  chirurgie  du  thymus.  These 
Par.,  1911. 

Sobotta,  J.:  In  Bardeleben.  loc.  cit. 

Spalteholz,  W. :  Handatlas  der  Anatomie  des  Menschen,  Ed.  3,  1920. 

11.  Huntington,  G.  S. :  loc.  cit. 

12.  Sappey:  Traite  d'anatomie  descriptive,  Ed.  4,  Paris,  1889,  T.  4,  p.  472. 
Figure  862. 

13.  Hammar,  J.  A.:   1915.  loc.  cit. 
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faces  are  markedly  convex,  bulging  into  the  pleural  cavities.  He  states 
that  in  the  course  of  postfetal  life  the  form,  of  the  organ  changes  into 
a  less  wide  and  more  lengthy  one,  but  that  he  is  unable  to  say  at  which 
time  the  relations  of  the  thymus  in  the  new-born  are  replaced  by 
those  prevailing  in  the  older  individuals.  However,  he  makes  the  sug- 
gestion that  this  change  may  take  place  in  some  definite  relation  to 
breathing.  Hammar's  illustrations  of  a  dissection  of  the  thorax  of 
the  new-bom  child  clearly  show  the  decidedly  broad  type  of  thymus; 
and  the  anterior  borders  of  the  lungs  are  sharp  and  do  not  overlap 
the  anterior  aspect  of  the  thymus.  Since  the  margins  of  the  lungs  in 
Hammar's  figures  are  so  sharp,  and  since  there  is  no  molding  of  the 
thymus  by  the  lungs,  it  is  most  probable  that  these  individuals  must 
have  been  stillborn.  This  conclusion  is  further  strengthened  by  the 
examination  of  Hammar's  cross  section  figures  of  the  new-born  child. 
In  these  the  thymus  is  extremely  broad,  and  its  lateral  surfaces  bulge 
into  the  medial  surfaces  of  the  lungs  which  do  not  overlap  the  anterior 
surface  of  the  thymus  in  the  slightest  degree.  His  picture  of  the 
thymus  shows  it  to  be  of  the  distinctly  broad  type.  Apparently,  the 
material  used  by  Hammar  was  stillborn. 

Since  the  completion  of  the  work  on  which  this  paper  is  based 
there  has  come  to  hand  a  recent  issue  of  the  Anatomische  Hefte  con- 
taining an  article  by  Graper.^*  In  his  discussion  of  the  thymus  he 
draws  some  conclusions  which  are  similar,  in  part,  to  some  of  the 
results  obtained  by  me.  Graper  states  that  the  form  of  the  thymus 
is  altered  during  the  first  few  breaths.  It  is  compressed  laterally  by 
the  expanding  lungs  and  as  a  result  its  sagittal  diameter  is  increased. 
He  finds  that  after  compression  the  thymus  is  triangular  in  cross 
section  with  the  base  of  the  triangle  posterior,  and  that  the  elevation 
of  the  anterior  chest  wall  during  the  establishment  of  respiration 
creates  a  space  into  which  the  thymus  accommodates  itself.  His  con- 
clusions are  based  on  a  study  of  over  fifty  preserved  cadavers  but  are 
not  checked  by  necropsy  findings. 

The  descriptions  and  figures  in  the  literature  of  thymus  glands  of 
children  later  than  the  neonatal  period  ^®  (especially  in  early  childhood) 
are  all  of  the  elongate  type  and  show  marked  molding  by  the  lungs. 
Sobotta,  in  Bardeleben,^^  has  a  picture  of  the  thymus  of  a  2  year  old 
child.  Even  though  it  is  not  in  situ,  it  is  seen  to  be  elongate  and  molded. 
He  also  presents  an  anterior  dissection  of  a  14  year  old  girl.  The 
thymus  is  markedly  elongate  and  molded.  Piersol  ^®  illustrates  a  cross 
section  of  the  thorax  of  a  child  about  one  year  old.  The  thymus  is 
overlapped  by  the  right  lung  and  thus  molded.    This  is  also  an  elongate 


14.  Graper,  L. :  Die  anatomische  Veranderung  kurz  nach  der  Geburt.  Anato- 
mische Hefte  5»:45,  1920. 
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thymus;  however,  I  have  seen  corresponding  thymus  glands  in  much 
younger  individuals.  Olivier  *°  presents  a  drawing  of  a  dissection  of  a 
one  month  old  infant's  thorax.  He  states  that  it  shows  the  normal  type 
of  thymus.  It  is  a  bilobed  organ  whose  lobes  are  widely  separated  and 
relatively  very  small.  It  is  similar  to  thymus  glands  which  I  find  in 
much  older  children.  Since  Olivier  states  that  only  two  of  his  dissec- 
tions were  of  infants,  it  seems  probable  that  he  had  in  this  case  the 
thymus  of  an  infant  in  which  a  marked  involution  of  the  thymus  had 
occurred. 

4.      RESUME 

1.  The  lobation  of  the  thymus  is  determined  early  in  fetal  life  and 
the  establishment  of  respiration  obviously  has  no  effect  on  it. 

2.  The  thymus  in  the  late  fetus  and  in  the  new-born  is  predomi- 
nantly of  the  cervicothoracic  type,  i.e.,  its  position  is  intermediate 
between  the  cervical  location  in  the  embryo  and  the  thoracic  location 
of  the  older  infant,  child  and  adolescent. 

3.  The  thymus  in  the  late  fetus  and  stillborn  child  has  a  typical 
form  and  quite  constant  relations.  Its  lateral  surfaces  are  convex 
and  bulge  against  the  medial  surfaces  of  the  lungs.  The  lungs  very 
rarely  extend  at  all  on  its  anterior  surface,  and  the  thymus  very  rarely 
extends  at  all  on  the  anterior  surface  of  the  right  ventricle  of  the  heart. 

4.  The  thymus  in  liveborn  infants  has  typical  form  and  relations 
which  are  similar  to  those  found  in  young  children.  It  is  elongated 
and  molded  so  that  its  anterior,  lateral  and  posterior  surfaces  bear 
the  impress  of  all  the  organs  with  which  it  is  in  contact.  Its  lateral  sur- 
faces usually  show  marked  convexities  which  are  occupied  by  the  lungs 
which  pass  over  the  anterior  surface  of  this  organ.  Unlike  the  fetal 
thymus,  it  usually  extends  more  inferiorly  passing  over  the  right 
ventricle. 

5.  The  change  from  the  broad  or  fetal  type  of  thymus  to  the  elon- 
gated and  molded  type  found  in  the  liveborn  and  in  the  young  infant 
bears  a  direct  relation  to  the  establishment  of  respiration,  and  is 
dependent  on  the  expansion  of  the  lungs.  The  organ  is  compressed 
from  side  to  side  by  the  medial  surfaces  of  the  expanding  lungs.  It  is 
compressed  anteroposterior^  by  the  anterior  borders  of  the  lungs 
which  become  much  thickened  early  in  the  establishment  of  respiration 
as  they  gradually  overlap  the  thymus. 

6.  In  some  cases  the  thymic  substance  may  extend  posteriorly  at 
birth  to  such  an  extent  that  the  structures  situated  there  are  com- 
pressed by  it.  This  may  be  due  either  to  an  unusually  large  thymus  or 
to  a  very  narrow  superior  thoracic  aperture  which  will  not  allow  the 
thymus  to  protrude  into  the  cervical  region  as  it  is  compressed  by  the 
expanding  lungs. 
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7.  The  descriptions  and  illustrations  in  the  literature  of  the  thymus 
in  the  new-born  child  show  great  confusion.  They  include  both  the 
fetal  (broad)  and  infantile  (narrow  or  elongate)  types  and  the  dis- 
tinction between  the  two  has  evidently  passed  unrecognized.  The 
type  of  thymus  which  is  the  more  frequently  described  as  characteristic 
of  the  new-bom  and  the  infant  is  the  one  which  the  preceding  data 
indicate  is  usual  for  the  fetus  and  stillborn  as  contrasted  with  the 
living  infant. 
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34  HYPOPHYSIS  IN  HIBERNATION  AND  INANITION 

hypophysis.  An  examination  of  the  principal  observations  upon 
which  this  idea  rests  may  serve  to  place  the  subject  in  its  proper 
setting. 

In  reviewing  the  literature  on  the  theories  of  hibernation  the 
writer  ( '16)  called  attention  to  the  large  number  of  authors  who 
considered  hibernation  among  the  higher  forms,  at  least,  as 
merely  an  extreme  form  of  ordinary  daily  sleep  as  seen  in  man 
and  mammals.  Hibernation,  therefore,  naturally  suggested  itself 
as  being  a  favorable  condition  for  investigating  the  factors  in- 
volved in  the  production  of  sleep.  Attention  was  also  called  to 
the  views  of  Salmon  ('05,  '10)  who  argued  that  by  virtue  of 
some  vasomotor  or  toxic  power  on  the  nervous  system,  the  hypo- 
physis is  a  center  for  the  production  of  normal  sleep  .  He  dis- 
cusses his  theories  again  in  1916. 

From  the  two  preceding  assumptions — (1)  ordinary  sleep 
and  hibernation  are  merely  degrees  of  the  same  phenomenon  and 
(2)  the  hypophysis  is  a  chief  center  in  the  production  of  sleep — 
Gemelli  ('06)  was  led  to  a  histological  examination  of  the  hypo- 
physis of  twenty-two  adult  European  marmots  (Marmota  mar- 
mota).  Some  of  these  were  sacrificed  while  hibernating  and 
others  during  the  active  state  in  the  spring  and  summer.  He 
found  no  changes  in  pars  nervosa  (processus  infundibuli)  nor 
in  pars  intermedia  (juxta-neuralis)  ;  but  in  pars  anterior  (dis- 
talis)  a  great  reduction  in  the  chromophilic  cells  during  dor- 
mancy was  observed — ^suggesting  a  stage  of  lessened  activity. 
He,  therefore,  concluded  that  Salmon's  view  could  not  be  correct 
because  such  a  view  involved  a  stage  of  hypersecretion  on  the 
part  of  the  hypophysis  during  winter  sleep.  He  further  noted 
many  mitotic  figures  in  the  spring  after  waking  up.  This  would 
indicate  that  the  time  of  greatest  activity  on  the  part  of  this 
organ  was  not  during  dormancy  but  after  the  animal  becomes 
active. 

The  hypophyses  of  seven  American  marmots  (Marmota  mo- 
nax),  which  like  the  European  species  have  several  months  of 
profound  dormancy  (Howell  '15),  were  examined  microscopic- 
ally by  Gushing  and  Goetsch  ('13,  '15).  Here  particularly  the 
hypophysis  of  hibernating  animals  was  compared  with  that  of  the 
active  animal  of  early  spring.  They  interpret  their  findings  as 
confirming  in  general  the  statements  of  Gemelli  on  the  decrease 
in  size  of  the  whole  organ  and  the  loss  of  specific  staining  re- 
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action  of  the  cells  of  pars  anterior  during  winter-sleep.  In  their 
summary  they  state:  **The  gland  not  only  diminishes  in  size, 
but  the  cells  of  the  pars  anterior  in  some  animals  at  least  com- 
pletely lose  their  characteristic  staining  reaction  to  acid  and  basic 
dyes.  At  the  end  of  the  dormant  period  the  gland  swells,  and 
as  the  cells  enlarge  they  again  acquire  their  differential  affinity 
for  acid,  basic,  and  neutral  stains  and  at  the  same  time  karyo- 
kinetic  figures  may  appear"  ('15  p.  46).  They  suggest  that 
hibernation  may  be  ascribed  to  a  period  of  physiological  inactiv- 
ity possibly  of  the  entire  ductless  gland  series,  but  certainly  more 
especially  of  the  hypophysis.  They  cite  clinical  and  experi- 
mental cases  showing  a  distinct  tendency  to  somnolence,  storage 
of  fat,  subnormal  temperature,  slow  pulse  and  respiration,  low- 
ered blood  pressure  and  retardation  of  sexual  development  in 
hypopituitarism.  One  must  agree  that  these  symptoms  suggest 
a  tendency  towards  the  conditions  prevailing  during  winter-sleep 
of  animals  and  that  the  tendency  to  associate  certain  forms  of 
morbid  somnolence  with  functional  disturbances  of  the  hypo- 
physis (Dana  '16)  is  well  founded. 

A  far  more  extensive  study  of  the  ductless  glands  in  rela- 
tion to  the  onset  of  hibernation  was  carried  out  by  Mann  ('16) 
on  the  thirteen-lined  ground  squirrel  (Citellus  tridecemlineatus). 
Prom  this  study  there  was  no  suggestion  of  a  distinct  relation  of 
the  ductless  glands  to  the  production  of  lethargy.  With  reference 
to  the  hypophysis  he  found  in  some  cases  during  dormancy  a  loss 
of  the  differential  staining  qualities  of  the  granular  cells  of  the 
pars  anterior,  some  decrease  in  the  size  of  the  cells  and  an  irreg- 
ularity in  their  grouping.  But  these  changes  were  inconstant 
and  in  several  hibernating  animals  the  hypophyses  could  not  be 
distinguished  from  those  of  active  ones. 

The  above  summary  shows  that  the  results  of  Gemelli  and  of 
Gushing  and  Goetsch  on  the  marmot  as  interpreted  by  them  tend 
to  show  that  there  exists  a  stage  of  hypofunction  on  the  part  of 
the  hypophysis  during  hibernation.  The  combined  studies  upon 
which  this  conclusion  rests  involve  a  total  of  twenty-nine  animals. 
It  appears,  however,  that  the  comparison  was  made  largely  be- 
tween the  dormant  state  and  the  active  state  following  hiberna- 
tion. It  is  clear,  as  pointed  out  by  Mann  ('16,  p.  176)  that  the 
critical  period  is  that  just  preceding  hibernation.  It  is  the  con- 
ditions of  this  period  that  should  be  compared  with  those  prevail- 
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ing  during  subsequent  dormancy.  This  point  is  of  special 
importance  in  animals  that  are  sexually  active  only  during  the 
spring  immediately  after  waking  up,  because  of  the  probable 
close  interrelation  of  the  gonads  and  the  hypophysis,  a  relation- 
ship which  is  generally  accepted. 

That  there  is  some  influence  of  the  sex  glands  on  the  hypo- 
physis rests  largely  upon  the  eflEects  following  castration  and 
spaying.  Observations  on  these  effects  (for  review  of  the  litera- 
ture see  especially  Livingston  '16,  Addison  '17a)  are,  however, 
conflicting.  It  appears  that  in  the  case  of  the  albino  rat  Hatai 
( '13b)  found  it  was  only  the  male  hypophysis  that  was  markedly 
affected  (enlarged)  by  gonadectomy.  Addison  ('17a)  showed 
that  this  enlargement  was  accompanied  by  hypertrophy  of  the 
basophilic  cells  of  pars  anterior.  Others  have  recorded  enlarge- 
ment of  some  of  the  other  types  of  cells  in  a  number  of  other 
animals.  In  the  rabbit,  Livingston  ( '16),  who  submits  by  far  the 
most  accurate  data  on  this  species,  found  no  constant  effect  on 
the  weight  of  the  hypophysis  by  spaying  and  castration;  while 
a  more  recent  study  on  the  rabbit  by  Hayami  ( '19)  corroborates 
the  findings  of  some  of  the  earlier  workers  on  this  species  by 
reporting  hypertrophy  of  the  hypophysis  as  a  result  of  castration 
and  of  vasectomy  followed  by  Rontgen  rays  treatment,  the  causal 
factor  being  the  interstitial  cells  of  the  testis.  Bell  ( '19,  p.  195) 
also  finds  evidence  of  increased  secretory  activity  in  the  anterior 
lobe  and  in  pars  intermedia  after  oophorectomy  in  the  cat,  espe- 
cially in  regard  to  the  eosinophilic  cells. 

The  relationship  of  the  gonads  and  hypophysis,  as  far  as  the 
infiuence  of  the  latter  on  the  former  is  concerned,  is  better  estab- 
lished and  is  evident  from  the  sexual  disturbances  accompanying 
disease  of  the  hypophysis  found  recorded  extensively  in  clinical 
literature.  Extracts  of  the  hypophysis,  especially  of  pars  ante- 
rior, are  reported  to  stimulate  the  growth  of  the  sexual  glands 
(Goetsch  and  Gushing  '13,  Goetsch  '16)  although  Hoskins  ('16) 
and  others  (for  a  review  of  the  literature  see  Hoskins'  paper) 
fail  to  corroborate  this.  Such  extracts  are  also  apparently  bene- 
ficial in  some  cases  of  sexual  impotence  (Stelwagen  '16).  Other 
generative  structures  are  also  influenced  by  the  extract.  This  is 
particularly  true  of  a  stimulating  effect  on  the  mammary  gland 
(Ott  and  Scott,  Schafer  and  Mackenzie,  Herring,  Gavin,  Ham- 
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mond,  Simpson  and  Hill,  Gaines,  Houssay  and  co-workers — ^liter- 
ature well  reviewed  by  IliU  '16,  Houssay  '18). 

While  Gushing  and  Goetsch  did  not  have  the  sexual  glands 
from  all  their  animals,  they  make  the  assumption  that  a  very 
marked  activation  occurs  in  the  reproductive  organs  when  the 
animals  emerge  from  the  dormant  state,  **and  it  is  tempting  to 
attribute  this  to  the  influence  of  the  functionally  reactivated  pars 
anterior*'  ('15,  p.  41).  In  two  previous  publications  the  writer 
('17,  '18)  has  fully  corroborated  this  surmise  by  describing  the 
marked  enlargement  of  the  testes  and  ovaries  which  occurs  dur- 
ing the  spring  awakening  in  the  American  marmot.  These 
studies  showed  a  suddenly  increased  activity  both  in  spermato- 
genesis and  oogenesis  and  a  distinct  hypertrophy  of  the  inter- 
stitial cells  at  that  time. 

So  it  is  obvious  that  a  difference  between  the  hypophysis  of 
the  hibernating  period  and  that  of  the  unusually  active  period 
immediately  following,  which  is  the  rutting  season,  gives  no 
valid  evidence  regarding  the  modification  of  the  hypophysis 
during  the  dormant  state.  What  occurs  during  this  spring 
awakening  is  unusual  activity  following  a  long  state  of  rest  in 
most  of  the  physiological  processes  but  especially  in  those  in- 
volved in  the  sexual  cycle.  It  follows,  then,  that  there  is  needed 
in  the  case  of  the  marmot  a  careful  comparison  of  conditions 
just  preceding  hibernation  with  those  of  lethargy  in  order  to 
determine  if  there  are  significant  structural  changes  detectable 
in  the  dormant  animal.    This  apparently  has  not  been  made. 

Finally  all  the  data  so  far  submitted  are  only  roughly  quan- 
titative. The  time  has  come,  as  has  recently  been  emphasized  by 
Hammar  ('20),  when  it  is  necessary  to  extend  anatomical  data, 
particularly  on  the  glands  of  internal  secretion,  upon  a  more 
accurate  quantitative  basis,  in  order  to  facilitate  the  making  of 
reliable  deductions  from  pathological  and  experimental  material. 
Since  there  are  at  least  three  more  or  less  distinct  components 
(Tilney,  '13,  recognizes  at  least  four)  in  this  organ,  each  prob- 
ably of  different  functional  significance  (most  strikingly  brought 
out  recently  by  AUen  '20),  these  several  structures  must  be 
investigated.  It  is  conceivable  that  one  part  might  respond  by 
hypertrophy  and  yet  not  be  detected  by  the  weight  of  the  whole 
organ  because  of  compensatory  changes  in  another  part,  etc. 
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In  view  of  these  conditions  and  the  failure  of  Mann  ('16)  to 
corroborate  on  another  species  the  reported  observations  on  the 
marmot,  it  seemed  desirable  to  extend  the  inquiry  by  using  more 
accurate  quantitative  procedure.  There  might,  of  course,  be 
some  differences  in  the  way  various  species  respond.  It 
was  also  expected  that  histological  findings  in  the  hypophysis 
during  the  very  active  period  immediately  after  waking  up  might 
give  facts  of  importance  regarding  the  response  of  the  various 
cellular  elements  to  this  condition  of  hyperactivity,  and  thus  add 
to  our  knowledge  of  the  significance  of  the  various  types  of  cells 
described  especially  in  pars  anterior. 

It  is  interesting  to  note  that  Saito  ('19)  has  reported  that  in 
the  horse  the  weight  of  the  hypophysis  varies  with  the  month  of 
the  year. 

MATERIAL  AND  METHODS 

The  material  upon  which  this  report  is  based  consists  of  the 
hypophyses  of  thirty-two  adult  woodchucks  from  the  vicinity  of 
Ithaca,  New  York.  Fifteen  of  these  animals  are  among  those 
studied  for  Nissl  changes  in  nerve  cells  during  hibernation  (Ras- 
mussen  and  Myers  '16)  and  are  known  as  Series  I  in  my  records. 
These  fifteen  and  two  additional  animals  (No.  1  and  No.  2,  Series 
II)  taken  together  constitute  a  series  of  nine  males  and  eight 
females.  One  male  hypophysis  was  so  damaged  in  the  process  of 
preparation  that  it  was  only  of  cytological  value.  Of  the  remain- 
ing sixteen  perfect  organs  four  (two  from  males  and  two  from 
females)  were  taken  before  hibernation;  four  (two  from  males 
and  two  from  females) ,  during  dormancy ;  five  (three  from  males 
and  two  from  females),  after  waking  up  but  before  being  fed; 
three  (one  from  a  male  and  two  from  females),  in  the  spring 
while  active  and  after  having  been  fed  one,  two  and  three  weeks. 
The  smallest  male  of  the  non-fed  active  group  that  was  killed 
after  hibernation,  was  not  used  in  volumetric  calculations,  thus 
leaving  in  the  three  principal  groups  an  equal  number  of  each  sex 
and  thereby  reducing  the  error  due  to  sex-differences  if  such 
differences  should  exist. 

All  these  animals  were  killed  instantly  by  transfixing  the 
heart  quickly  through  the  chest  wall,  in  most  cases  without  the 
use  of  any  anaesthetic.  Most  of  the  blood  was  immediately  washed 
out  with  physiological  saline  solution  at  body  temperature  by 
perfusion  through  the  aorta.    The  saline  was  followed  by  a  sat- 
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urated  aqueous  solution  of  bichloride  of  mercury  to  which  had 
been  added  10  per  cent  of  formalin.  The  whole  body  was  thus 
fixed  very  quickly  while  still  warm  or  still  cold  depending  upon 
whether  the  animal  was  active  or  was  lethargic. 

Following  the  removal  of  the  brain,  the  hypophysis  was  care- 
fully dissected  out  and  further  fixed  for  48  hours  in  a  saturated 
aqueous  solution  of  bichloride  of  mercury.  After  washing  in 
running  water  for  36  hours,  the  tissue  was  dehydrated  as  usual 
and  imbedded  in  parafl&n.  The  time  intervals  in  the  reagents 
were  the  same  for  all  specimens  so  that  the  shrinkage  ought  to  be 
very  nearly  the  same  in  all  cases.  This  point  is  of  importance 
because  the  method  of  fixing  in  situ  made  it  impossible  to  get 
the  weight  of  the  fresh  gland  as  a  check  upon  volumetric  changes 
produced  by  the  histological  technique. 

The  above  material  was  used  for  determining  the  volume  of 
the  whole  organ  and  its  different  parts,  the  volume  of  cells  and 
of  nuclei,  and  for  a  differential  count  of  the  basophilic  and  acido- 
philic cells  of  pars  anterior.  Each  hypophysis  was  cut  into  serial 
section  5  fi  thick  and  mounted  upon  six  slides.  The  plane  of 
section  was  horizontal,  i.  e.,  through  the  greatest  diameter,  so  as 
to  decrease  the  number  of  sections  and  to  present  to  the  best 
advantage  the  three  principal  regions  traversed.  The  first  slide 
was  stained  with  Delafield's  hematoxylin  and  eosin;  the  second, 
with  methylene  blue  and  eosin ;  the  third,  with  the  aniline  blue- 
orange  6-phosphomolybdic  acid  mixture  used  in  the  well  known 
Mallory's  aniline  blue  connective  tissue  stain;  the  fourth,  with 
acid  f uchsin  followed  by  the  aniline  blue  and  orange  G  mixture 
as  regularly  done  in  Mallory's  connective  tissue  stain;  the  fifth, 
with  Delafield's  hematoxylin  and  acid  f uchsin;  and  the  sixth, 
with  one  of  the  preceding  methods  depending  upon  which  stain 
needed  checking. 

Another  series  of  hypophyses  was  available  from  the  fifteen 
animals  utilized  in  the  study  of  the  mitochondrial  content  of 
nerve  cells  during  hibernation  (Rasmussen  '19)  in  the  report  of 
which  the  data  concerning  the  animals  are  given.  They  are  regis- 
tered as  Series  IV  and  No.  51  and  No.  56  of  Series  III.  This 
material  was  fixed  also  in  situ  by  injecting  Regaud's  fixer  (one 
part  of  commercial  formalin  neutralized  with  magnesium  car- 
bonate and  four  parts  of  a  3%  aqueous  solution  of  potassium 
bichromate)  after  the  blood  had  been  washed  out  with  oxygen- 
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ated  Locke's  fluid.  The  organ  was  dissected  out  and  further  fixed 
for  five  days  in  Regaud's  mixture,  changing  the  solution  every 
day,  and  followed  by  3%  aqueous  solution  of  potassium  bichro- 
romate  for  nine  days,  changing  the  solution  every  day.  This 
preserves  the  mitochondria  well  (Cowdry  '16).  The  tissue  was 
imbedded  in  parafl&n  with  the  same  precautions  exercised  with 
the  other  material  regarding  equal  duration  by  all  samples  in 
the  various  reagents  including  the  parafl&n  bath.  Serial  sections 
were  cut  5  \i  thick  until  about  halfway  through  the  block.  The 
block  of  tissue  and  the  knife  of  the  microtome  were  then  further 
cooled  by  means  of  a  piece  of  ice  held  against  them.  A  known 
number  of  sections  (from  20  to  30)  only  2  \i  thick  were  then 
cut.  The  rest  of  the  block  was  cut  5  \i.  This  gave  an  uninter- 
rupted series  and  at  the  same  time  enough  very  thin  sections  for 
more  detailed  study.  The  5  fi  sections  were  mounted  on  about 
six  slides  with  the  point  indicated  where  the  thinner  sections 
belonged.  Some  were  stained  in  hematoxylin  and  eosin  and  the 
remainder  for  mitochondria  in  Altmann's  anilin  fuchsin  (20% 
acid  fuchsin  in  anilin  water)  and  a  1%  aqueous  solution  methyl 
green  (Cowdry  '16).  Knowing  the  number  of  2  |x  sections 
taken  out  of  the  series  it  was  possible  to  use  them  for  determining 
the  volume  of  the  whole  gland  and  of  its  various  parts  since,  as 
will  be  explained  later,  it  is  necessary  to  use  only  every  tenth 
section.  The  2  \i  sections  were  mounted  upon  separate  slides 
(three  or  four  sections  to  a  slide)  and  stained  as  above  for  mito- 
chondria after  various  degrees  of  dechromation. 

The  fifteen  hypophyses  fixed  by  this  second  method  repre- 
sent five  animals  (three  males  and  two  females)  in  each  of  the 
first  three  stages  represented  by  the  material  first  described. 

A  difference  in  the  fixation  necessarily  meant  that  the 
volumetric  data  had  to  be  worked  out  separately  for  each  lot  of 
material.  It  was  found,  however,  that  the  figures  from  each  lot 
were  between  practically  the  same  limits,  dehydration  and  imbed- 
ding having  apparently  caused  sufficient  shrinkage  to  obliterate 
any  differences  that  might  have  existed  immediately  after  fixa- 
tion. For  a  differential  count  of  the  cells  of  pars  anterior  only 
the  first  described  material  (formalin-corrosive  sublimate  fixa- 
tion) could  be  used;  for  mitochondria,  only  the  second  (neutral 
formalin-potassium  dichromate  fixation).  For  the  rest  of  the 
work  both  lots  could  be  used,  the  volumetric  data  being  thus 
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based  upon  thirty  whole  hypophyses — ^nine  from  animals  killed 
before  hibernation,  between  Sept.  4  and  Dec.  3,  rectal  tempera- 
ture 35°C — 38°C;  nine  from  animals  sacrificed  while  dormant, 
between  Feb.  3  and  Mar.  18,  rectal  temperature  7°C  to  16° C; 
nine  from  animals  killed  after  waking  up,  between  Mar.  16  and 
April  18,  rectal  temperature  34° C — 37°C;  three  from  animals 
having  been  awake  several  weeks  without  food  and  then,  having 
been  fed  one,  two  and  three  weeks,  killed  between  April  5  and 
April  18,  rectal  temperature  36°C— 38°C. 

The  method  of  determining  the  volume  of  the  gland  and  its 
various  parts  as  well  as  the  size  of  cells  and  nuclei  was  the  paper 
method  of  Hammar  as  used  by  Jackson  ( '17) .  The  mathematical 
basis  of  this  procedure  is  more  fully  explained  in  a  later  publica- 
tion (Jackson  '19).  Suffice  it  to  say  that  for  determining  the 
volume  of  the  whole  gland  and  of  the  various  lobes  every  tenth 
section  of  the  series  was  projected  upon  standardized  paper  by 
means  of  an  Edinger  projection  apparatus  at  a  magnification  of 
77  diameters  and  the  various  parts  outlined,  then  cut  out  and 
weighed.  Knowing  the  weight  of  one  sq.  cm.  of  paper,  the  sur- 
face area  of  each  outlined  area  is  obtained.  This  was  reduced  to 
actual  area  by  dividing  by  the  magnification  (77^)  and 
then  multiplied  by  the  thickness  (50  |i)  represented  by  each  of 
the  selected  sections  to  give  the  actual  volume.  There  was  left 
on  the  organ  only  an  extremely  thin  fibrous  capsule  and  since  the 
lumen  of  the  residual  cavity  (intraglandular  cleft)  and  large  cyst 
not  containing  colloid,  or  hyaline  substance,  were  discarded  when 
cut  out,  the  weights  represent  essentially  parenchyma  and  vascu- 
lar stroma. 

In  determining  the  volume  of  cells  and  nuclei  all  the  nuclei 
and  vascular  stroma  in  focus  at  the  same  time  were  traced  within 
an  area  easily  outlined  by  means  of  a  camera  lucida  and  at  a  mag- 
nification of  2100  diameters  (Zeiss  2  mm.  apochromatic  objec- 
tive, compensating  ocular  8).  The  vascular  stroma  was  cut  out 
and  discarded.  The  remaining  paper,  represented  the  essential 
parenchyma,  was  weighed.  The  nuclei  were  counted,  cut  out  and 
discarded,  and  the  paper  (now  representing  cytoplasm  only) 
again  weighed.  The  difference  between  the  two  weights  gives  the 
nuclear  area.  From  these  figures  and  the  known  weight  of  a  unit 
area  of  the  paper,  the  magnification  and  the  number  of  nuclei 
(which  also  represents  the  number  of  cells),  the  average  volume 
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of  the  entire  cell  and  of  its  nucleus  were  calculated.  In  the  case 
of  pars  anterior  this  was  carried  out  on  four  diflEerent  regions  on 
a  section  passing  through  the  organ  near  its  greatest  diameter. 
These  regions  were  selected  from  about  the  same  positions  in  each 
case.  These  are  indicated  by  the  four  crosses  in  figure  1.  There 
is  suflScient  variation  in  the  cells  in  diflEerent  parts  of  the  lobe 
and  a  fair  degree  of  regularity  in  the  positions  where  these  dif- 
ferences are  located  to  make  this  procedure  necessary.  Each  of 
the  four  areas  contained  from  61  to  154  nuclei  and  the  four  to- 
gether involved  in  the  neighborhood  of  300  nuclei.  In  pars  in- 
termedia only  two  fields  were  taken — one  from  about  the  middle 
of  each  lateral  half  as  viewed  in  sections  passing  through  the 
greatest  diameter  of  the  whole  gland.  The  cells  bordering  the 
residual  cavity  as  well  as  those  next  to  pars  nervosa  were  not 
included  in  the  area  outlined  because  these  are  invariably  smaller 
(fig.  4)  than  those  forming  the  main  bulk  of  this  lobe.  In  each 
field  in  pars  intermedia  35  to  85  nuclei  were  outlined  and  the 
two  fields  together  yielded  in  the  neighborhood  of  100  nuclei. 

The  method  of  cutting  out  the  nuclear  areas  is  of  some  con- 
sequence on  account  of  the  tedious  task  whidh  it  involves  in  an 
extensive  research.  Jackson  used  a  sharp  scalpel  and  placed  the 
paper  on  a  wax  plate  such  as  is  used  for  reconstruction  in  the 
making  of  anatomical  models.  The  wax  plate  renders  cutting 
easy  but  small  particles  of  the  wax  composition  may  adhere  and 
if  unnoticed  produce  an  appreciable  error.  The  main  objection, 
however,  is  that  it  is  fatiguing  to  the  hand.  While  it  is  no  quicker, 
it  is  much  easier  and  just  as  accurate  to  cut  out  even  the  smallest 
nuclei  by  means  of  a  fine  manicuring  scissors  with  increasing 
curvature  toward  the  point.  One  can  cut  for  hours  without 
inconvenience.  When  a  nucleus  has  been  cut  out  a  slit  is  made 
from  the  resulting  hole  over  to  the  nearest  nucleus,  etc.  When 
the  paper  becomes  too  frail  one  blade  can  be  inserted  into  the 
outlined  nucleus  and  the  area  excised  without  communicating 
with  any  other  hole. 

In  making  the  diflEerential  count  of  cells  in  pars  anterior  only 
the  granular  or  so-called  chromophilic  (acidophilic  and  baso- 
philic) were  enumerated — these  being  in  the  minority  and  the 
cells  usually  associated  with  active  secretion.  In  each  animal  an 
entire  section  near  the  greatest  diameter  of  the  organ  was  ex- 
plored systematically  by  means  of  a  mechanical  stage  from  side 
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to  side,  stopping  for  a  count  as  soon  as  all  parts  of  the  previous 
area  had  passed  out  of  the  field  of  vision.  A  section  explored  in 
this  manner  yielded  from  206  to  284  fields,  with  a  total  count  of 
8,759  to  13,086  aeidophiles  and  263  to  3,572  basophiles.  To  detect 
imy  distinct  variation  in  the  proportion  of  the  three  types  of 
cells  it  was  deemed  sufficient  to  determine  the  average  number  of 
cells  of  the  two  types  per  field,  since  it  had  previously  been  found 
that  there  was  no  marked  variation  in  the  size  of  the  cells  taken 
as  a  whole,  from  which  it  follows  that  the  average  number  of 
total  cells  in  a  unit  area  (say  an  entire  microscopic  field  where 
the  magnification,  lenses,  etc.,  are  kept  constant)  would  be  the 
same  in  the  different  stages. 
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FlgT-  1.  Horizontal  section  throuprh  the  hypophysis  of  the  woodchuck 
at  about  the  i^reatest  diameter  showlnj?  the  general  arrangement  of 
parts.  Formalin-corrosive  sublimate  fixation;  methylene  blue-eosln 
stain.    X,  20. 

DESCRIPTION  OP  THE  HYPOPHYSIS  OP  THE  WOODCHUCK 

a.  General  features 
The  main  bulk  of  the  hypophysis  of  the  woodchuck  (as  al- 
ready briefly  described  by  Gushing  and  Goetsch  '15)  is  a  flat- 
tened disc  from  3  to  4.5  mm.  in  diameter  and  from  1  to  2  mm. 
in  thickness  near  the  center  and  thinner  towards  all  edges 
(dimensions  obtained  from  the  fixed  material).  It  lies  horizon- 
tally in  a  very  shallow  sella  turcica.  The  glandular  portion 
forms  a  distinct  crescentic  mass  half  encircling  the  nervous  por- 
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tion,  as  shown  in  figure  1.  The  infundibular  stalk  is  short  and 
delicate  and  breaks  readily  close  to  the  distal  enlarged  portion. 
Only  in  a  few  cases  was  much  of  the  infundibulum  and  adjacent 
portion  of  the  tuber  cinereum  retained.  Prom  these  it  appears 
that  all  the  regions  recognized  by  Tilney  ('11,  '13)  are  present. 
The  infundibular  stalk  is  solid  through  its  greatest  extent  so  that 
it  belongs  in  Vincent's  (12)  third  class  represented  in  man, 
monkey,  ox,  pig,  rabbit,  etc.  It  is  accompanied  by  a  thin  layer  of 
glandular  tissue,  two  to  four  cells  in  thickness,  continuous  below 
with  the  main  bulk  of  pars  intermedia.  The  cytoplasm  of  the 
cells  of  this  thin  layer  is  much  less  abundant,  the  nuclei  are 
slightly  smaller  and  more  nearly  spherical  and  stain  more 
deeply  than  in  the  cells  which  form  the  greater  part  of  pars 
intermedia.  The  cells  are  arranged  in  anastomosing  strands  in 
a  stroma  almost  as  vascular  as  that  of  pars  anterior.  The  extent 
to  which  they  surround  the  infundibular  stalk  cannot  be  deter- 
mined from  the  material  at  hand. 

The  thin  layer  of  celb  just  described  becomes  thicker  as  it 
spreads  out  on  the  under  surface  of  the  eminentia  saccularis  of 
the  tuber  cinereum.  Thus  there  is  what  Tilney  terms  a  pars 
tuberalis  in  the  juxta-neural  glandular  tissue.  The  extent  of  the 
pars  tuberalis  cannot  be  described  here  because  not  enough  of  the 
hypothalamus  was  retained  in  any  case. 

The  part  of  the  gland  primarily  investigated  was  only  the 
enlarged  disc-shaped  portion  consisting  of  processus  infundibuli, 
which  will  be  designated  by  the  more  familiar  term  pars  nervosa ; 
that  part  of  the  glandular  pars  infundibularis  that  is  associated 
with  processus  infundibuli,  which  will  be  spoken  of  as  pars  inter- 
media ;  and  pars  distalis,  or  the  main  body  of  glandular  tissue, 
which  will  go  by  the  better  known  name  of  pars  anterior.  If 
additional  structures  were  present  they  were  excluded  from  the 
tracings.  The  point  where  the  pars  nervosa  rather  suddenly 
narrows  down  to  become  the  infundibular  stalk,  a  point  which 
is  also  the  upper  limit  of  pars  anterior,  was  taken  as  the  upper 
boundary  line  and,  therefore,  only  that  portion  of  the  gland 
below  this  level  is  included  in  the  volumetric  data.  The  naked 
infundibular  stalk  was  always  present  above  this  line  but  pars 
intermedia  usually  broke  at  this  point  or  slightly  above  except  in 
a  few  cases  where  the  line  of  separation  was  through  the  floor  of 
the  third  ventricle.    The  structures  included  constitute,  however. 
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the  better  known  parts  and  by  far  the  main  bulk  of  the  organ. 

i.    Pars  nervosa 

Pars  nervosa  is  solid  and  pear-shaped,  with  the  infundibular 
stalk  representing  the  stem.  In  cross  section  it  is  nearly  round 
(fig.  1).  A  very  thin  fibrous  capsule  covers  the  entire  surface. 
There  are  no  histological,  features  that  are  either  unique  or  of 
importance,  but  they  conform  to  the  general  description  given 
for  other  mammals.  Fibers  constitute  the  main  bulk.  It  is  well 
supplied  with  blood  vessels.  Small  masses  of  homogeneous  col- 
loid-like material,  somewhat  larger  than  the  cells  present,  are 
scattered  about  in  aU  parts  of  the  lobe.  They  lie  free  in  inter- 
stitial spaces. 

c.    Pars  anterior 

Pars  anterior  is  crescentic  in  shape  and  closes  in  around  the 
laterfil  borders  of  pars  intermedia  so  as  to  come  in  contact  with 
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Fig.  2.  Small  area  of  pars  anterior  showing  types  and  arrangement 
of  cells.  Formalin-corrosive  sublimate  fixation;  Mallory's  acid  fuclisin- 
aniline  blue-orange  G  connective  tissue  stain.    X  1000. 

pars  nervosa  (fig.  1).  It  is  also  invested  with  a  delicate  fibrous 
capsule.  The  cell  arrangement  is  of  the  most  common  type, 
namely,  irregular  anastomosing  cords  separated  by  a  rich  system 
of  sinusoidal  capillaries  (figs.  1  and  2).  Nothing  simulating  acini 
was  seen  strictly  within  pars  anterior. 

The  cells  appear  to  be  of  three  distinct  types,  usually  termed 
chromophobes  but  also  termed  chief  cells  and  reserve  cells  (light- 
ly staining  and  devoid  of  many  coarse  granules),  and  acidophilic 
and  basophilic  chromophiles  (staining  intensely  due  to  the  pres- 
ence in  the  cytoplasm  of  coarse  granules  which  are  either  dis- 
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tinctly  acidophilic  or  distinctly  basophilic).  As  shown  in  figure 
2  where  the  three  types  are  shown  in  three  tones  of  shading, 
ther€L  is  a  striking  absence  of  intermediate  forms.  These  three 
types  of  cells  were  found  to  stand  out  most  clearly  tinctorially 
with  Mallory's  acid  fuchsin — aniline  blue — orange  G  connective 
tissue  stain  after  formalin-corrosive  sublimate  fixation.  For  a 
study  of  basophiles,  as  was  also  the  experience  of  Addison  ( '17), 
omitting  the  acid  fuchsin  gives  the  clearest  preparation  with 
maximum  contrast.  The  basophilic  ceUs  take  the  aniline  blue 
and,  therefore,  stand  out  in  great  contrast  against  the  yellow 
acidophiles  and  almost  colorless  chromophobes.  However,  the 
acidophiles  are  best  seen  when  stained  with  acid  fuchsin.  As 
shown  by  Cooper  ('19)  it  is  the  same  cells  that  stain  intensely 
yellow  with  orange  6  and  intensely  red  with  aeid  fuchsin. 

The  chromophobes  are  somewhat  more  numerous  than  the 
chromophiles.  They  form  the  body  of  the  cords  and,  while  often 
seen  next  to  the  capillaries,  do  not  show  much  tendency  to  border 
on  the  blood  channel^.     They  vary  much  in  size,  a  few  being 
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Fig.  3.  Cells  from  pars  anterior  showinpr  the  mitochrondrlal  content. 
Neutral  formalin-potassium  dichromate  fixation:  acid  fuchsin- methyl 
green  stain.     X  1000. 

among  the  larger  cells  encountered  while  most  of  the  smallest 
cells  are  of  this  type.  As  has  often  been  noted,  the  boundaries 
of  the  individual  cell  are  difficult  to  make  out  with  most  stains. 
The  mitochondria  (fig.  3)  are  mostly  granules  V2  ^  or  less  in 
diameter.  Short  rods  are  often  seen  and  occasionally  a  rod  as 
long  as  21-^  \i  as  well  as  comma-shaped  mitochondria  are  ob- 
served. If  the  cytoplasm  is  scanty,  the  mitochondria  may  be 
reduced  to  a  single  perinuclear  layer.  The  nucleus  is  of  the  usual 
type,  either  round  or  somewhat  elongated,  rather  smooth  in  out- 
line and  containing  from  one  to  three  nuclei  and  a  fairly  coarse 
chromatin  network. 

The  acidophiles  are  somewhat  less  numerous  than  the  chro- 
mophobes.   They  are,  on  the  whole,  slightly  larger  and  show  a 
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decided  tendency  to  occupy  the  periphery  of  the  cell  cords  so  that 
they  are  mostly  found  directly  in  contact  with  the  endothelium  of 
the  vascular  channels  (fig.  2).  This  arrangement  has  been 
repeatedly  noted  in  other  animals  by  various  investigators. 
Uniform,  round  granules  fill  much  of  the  cytoplasm,  especially 
next  to  the  nucleus.  The  margin  being  usually  less  densely 
packed  with  these  acidophilic  bodies,  the  limits  of  the  individual 
cell  are  fairly  distinct.  In  some  of  the  larger  cells  there  is  a 
lighter  colored  area  resembling  a  large  vacuole  in  the  interior  of 
which  is  a  body  possessing  the  same  staining  properties  and 
granules  as  the  denser  cytoplasm.  Addison  (17a,  b)  has  discussed 
this  structure  under  the  heading  **Golgi  apparatus"  and  upon 
the  basis  of  his  work  on  the  albino  rat  after  castration  considers 
it  to  be  a  definite  cell  organ.  Gemelli  ( '07  and  earlier  publication 
listed  in  this  reference)  has  also  described  large  vacuoles  and  a 
Golgi  reticulum  in  the  chromophilic  cells.  In  the  woodchuck 
materitil  here  described  this  structure  has  been  designated  ''ma- 
cula"— the  term  tentatively  applied  by  Addison  ('17a).  This 
structure  is  seen  in  the  acidophiles  best  in  the  material  fixed  in 
neutral  formalin-potassium  dichromate  and  stained  with  acid 
fuchsin — ^methyl  green,  but  even  then  only  in  a  small  percentage 
of  the  cells;  although  it  is  very  likely  present  in  a  great  many 
more,  if  not  in  all,  but  in  a  smaller  and  less  conspicuous  form. 
It  is  probable  that  with  the  technique  used  here  it  shows  up 
only  in  the  cells  where  the  light  zone  has  been  greatly  exagger- 
ated by  the  action  of  the  reagents.  One  of  the  largest  and  most 
conspicuous  maculae  observed  in  the  acidophiles  is  sketched  in 
figure  3. 

Mitochondria  are  present  in  large  numbers  (fig.  3).  They 
differ  in  no  way  from  those  already  described.  It  is  difficult  to 
be  sure  of  the  relative  number  of  mitochondria  by  the  method 
here  used  because  the  large  acidophilic  granules  also  take  the 
fuchsin  stain  and  if  dechromation  is  carried  to  the  extent  that 
these  larger  granules  do  not  stain  red,  one  cannot  always  be 
sure  of  having  brought  out  all  the  mitochondria  present.  How- 
ever, their  small  size  and  deep  red  color  make  their  identity 
fairly  certain  even  when  the  cytoplasm  is  still  somewhat  red. 

The  nucleus  is  slightly  eccentric  but  in  structure  differs  in 
no  particular  from  that  of  the  chromophobes. 
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The  basophilic  cells  are  least  numerous,  there  being  only 
about  one  of  these  to  every  ten  a^idophiles.  Under  usual  condi- 
tions there  is,  however,  a  great  variation  between  individual 
animals.  In  one  case  there  may  be  as  few  as  one  basophile  to 
about  thirty  aoidophiles  and  in  another  animal  as  many  as  one 
basophile  to  three  acidophiles  (table  4).  In  nearly  all  cases  they 
are  more  numerous  towards  the  periphery  of  the  lobe  but  not  at 
the  extreme  edge.  This  peripheral  distribution  has  been  seen  in 
other  animals  (Tilney  '11),  but  denied  by  Jackson  ('17)  as  a 
characteristic  feature  in  the  albino  rat.  They  occur  singly,  as  a 
rule,  but  where  numerous  may  be  in  clumps  so  that  the  majority 
of  the  cells  in  a  high  power  field  of  the  microscope  are  basophiles. 
They  show  some  tendency  to  occupy  the  regions  next  to  the  sin- 
usoidal blood  vessels.  In  outline  they  are  more  irregular  and  as 
shown  in  figure  2  may  occupy  irregular  spaces  between  other 
cells.  The  largest  cells  met  with  are  usually  of  this  type, 
although  there  are  many  medium  sized  basophilic  cells. 

The  cytoplasm  is  literally  filled  with  coarse  basophilic  gran- 
ules except  for  a  conspicuous  light  ring  or  irregular  space  about 
a  distinct  macula,  as  described  in  the  acidophiles.  Practically 
every  cell  must  contain  such  a  structure,  judging  from  the  num- 
ber of  cells  in  which  it  is  actually  present  in  the  section.  Natur- 
ally a  great  many  cells  are  so  cut  that  the  portion  in  a  particular 
section  does  include  the  macula.  This  structure  varies  greatly  in 
size,  and  to  some  extent  directly  with  the  size  of  the  cell.  In  the 
largest  cells  it  may  be  as  large  as  the  nucleus.  In  the  smallest 
cells  it  may  be  smaller  than  the  nucleolus.  It  is  situated  most 
often  near  the  center  of  the  cell.  The  light  area  about  the  macula 
and  the  macula  itself  may  be  greatly  flattened  as  if  by  external 
pressure.  While  the  surrounding  vacuole-like  region  is  usually 
fairly  regular  in  outline,  it  may  be  very  irregular  and  branched, 
as  seen  in  the  largest  cell  in  figure  2.  In  very  large  cells  an 
additional  light  area,  variable  in  size,  resembling  a  vacuole,  is 
occasionally  seen.  The  macula  shows  the  same  structures  and 
staining  reactions  as  does  the  dense  cytoplasm  outside  of  the  light 
area. 

The  mitochondria  are  of  the  same  form  as  those  in  the  other 
cells  but  show  a  greater  tendency  to  be  arranged  in  rows.  They 
appear  less  distinct  on  account  of  the  denser  cytoplasm.  Probably 
for  this  reason  they  seem  somewhat  less  numerous  in  proportion 
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to  the  amount  of  of  cytoplasm  than  in  the  other  two  types  of 
cells. 

The  nucleus  is  almost  always  very  eccentric  and  is  very 
frequently  irregular  in  outline,  with  a  tendency  for  the  concave 
side  to  be  next  to  the  macula.  Its  structure  does  not  seem  to 
differ  from  that  of  the  other  nuclei. 

As  shown  in  figure  4,  the  cells  of  pars  anterior  which  form 
the  anterior  wall  of  the  residual  lumen  are  distinctly  smaller, 
more  irregular  in  outline  and  stain  more  densely.  In  some  sec- 
tions these  smaller  cells  form  a  two  layered  wall  separated  from 
the  rest  of  pars  anterior  throughout  the  entire  length  of  the  cav- 
ity by  a  plexus  of  capillaries.  These  smaller  cells  are  mostly 
chromophobic  in  general  reaction. 

d.    Pars  intermedia 

Pars  intermedia,  as  is  clear  from  figure  1,  constitutes  a  very 
small  part  of  the  hypophysis.  Table  1  shows  that  it  may  form 
less  than  one  per  cent  of  the  entire  organ  and  is  always  less  than  " 
four  per  cent.  It  consists  of  a  lamina  fairly  uniform  in  thickness 
usually  with  a  smooth  posterior  surface,  which  is  closely  applied 
to  the  thin  capsule  of  pars  nervosa.  In  four  out  of  thirty  cases, 
however,  lobules  of  cells  from  pars  intermedia  invaded  the  neural 
lobe  for  a  considerable  distance.  The  residual  lumen  may  follow 
along  with  this  ingrowth.  This  encroachment  of  pars  intermedia 
upon  pars  nervosa  has  been  noted  now  and  then  by  others.  Her- 
ring ( '08)  in  his  description  of  the  mammalian  hypophysis  states 
that  this  is  most  frequently  met  with  in  the  region  of  the  neck  of 
the  gland  and  that  islets  of  epithelial  cells  may  be  found  through- 
out pars  nervosa.  Gushing  and  Goetsch  ( '10)  state  that  it  is  not 
uncommon  in  so-called  normal  human  hypophyses,  while  Erd- 
heim  ('03)  and  Lucien  ('09)  found  it  more  prevalent  in  advanc- 
ing years. 

Pars  intermedia  rarely  comes  to  the  external  surface  of  the 
organ  except  at  the  most  dependent  point  and  of  course  along  the 
hypophyseal  stalk  above  pars  anterior.  Over  half  of  its  anterior 
border  is  separated  from  pars  anterior  by  the  residual  lumen. 
There  is  a  tendency  for  the  intermediate  lobe  to  surround  the 
margins  of  this  cavity  and  to  form  a  little  of  its  anterior  wall. 
It  extends  some  distance  peripherally  between  pars  anterior 
and  pars  nervosa  beyond  the  hypophyseal  cavity. 


Digitized  by  VjOOQ IC 


50  HYPOPHYSIS  IN  HIBERNATION  AND  INANITION 

As  is  almost  universally  the  ease  among  animals,  this  part  of 
the  hypophysis  is  poorly  provided  with  blood  vessels.  Almost  no 
eapillaries  are  seen  in  its  interior.  The  posterior  border  is  well 
supplied  with  vessels  but  they  do  not  extend  very  far  in  the 
anterior. 

The  general  histological  features  are  shown  in  figure  4. 
It  will  be  noted  that  four  types  of  cells  are  present.  The  main 
bulk  of  the  lobe  is  formed  of  cells  which  upon  measurement 
(table  3)  are  seen  to  have  about  twice  the  volume  of  the  cells  of 
pars  anterior.  The  abundant  cytoplasm  of  these  cells  is  devoid 
of  many  large  granules  and  therefore,  while  rather  basophilic  in 
reaction,  appears  distinctly  lighter  than  pars,  anterior  and 
hence  its  limits  can  be  readily  ascertained  by  almost  any  stain. 
These  cells  are  irregular  in  shape  due  to  mutual  compression. 
The  central  cytoplasm  is  denser  and  contains  more  mitochondria 
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Fig.  4.  Narrow  strip  througrh  pars  Intermedia  and  a  small  part  of 
adjacent  pars  anterior  and  pars  nervosa.  An  enlarp^cd  vk'w  of  the  r.c- 
tang^ular  area  outlined  In  fiRure  1.  Formalin-coi  rosi\  «•  sublimate  fixa- 
tion; methylene  blue-eosin  stain.     X  400. 

than  the  peripheral  cytoplasm  (fig.  5  B),  which  has  the  general 
appearance  of  being  composed  of  more  fluid  areas  separated  by 
denser  strands  radiating  from  the  central  cytoplasm.  According 
to  Lewis  and  Maurer  ('20)  the  lighter  areas  between  the  denser 
strands  are  filled  with  secretory  antecedents. 

The  nucleus  is  usually  eccentric  in  position,  rather  vesicular 
in  appearance  and  round  or  more  or  less  elongated  in  shape. 

Along  the  posterior  margin  a  variable  number  of  cells  occur 
which  are  much  smaller  and  contain  much  denser  cytoplasm  and 
a  heavier  staining  nucleus.  They  are  responsible  for  the  darker 
shading  along  the  posterior  boundary  of  pars  intermedia  in 
figure  1.    In  figure  4  their  hyperchromatic  nuclei  are  best  seen 
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while  figure  5  C  is  a  sketch  of  three  of  these  cells  under  higher 
power.  The  scanty  cytoplasm  is  rich  in  mitochondria.  The 
stratum  which  these  cells  form  is  not  usually  as  wide  as  in  the 
case  illustrated  in  figure  4.  It  is  as  a  rule  more  irregular  in 
thickness,  not  being  seen  at  all  in  places  and  in  other  limited 
areas  being  one-third  as  wide  as  the  entire  thickness  of  pars 
intermedia. 

The  anterior  margin,  which  forms  the  posterior  wall  of  the 
hypophyseal  cavity,  is  lined  by  cells  which  may  be  either  greatly 
flattened  or  high  columnar  as  shown  in  figures  4  and  5  A.  The 
columnar  cells  form  groups  which  extend  a  variable  distance  into 
the  substance  proper — a  great  exaggeration    of    the    tendency 


Fptt  surface 


Paia  ncr^^wa       j  Colloid 


Pea's,  iti\trtnc6iA       ^i^' 


Fig.  5.  Details  from  pars  intermedia.  The  four  small  groups  of 
cells  show  the  mltochrondria  of  the  different  types  of  cells:  A,  typical 
cells  lining  the  residual  lumen  and  a  trabeculum  of  lon^  columnar  cells 
which  extend  into  pars  intermedia;  B,  two  typical  cells  forming  the  main 
bulk  of  pars  intermedia;  C,  three  small  cells  found  next  to  pars  nervosa; 
D,  cells  from  the  wall  of  a  colloid-containing  vesicle.  Neutral  formalin- 
potassium  dichromate  fixation;  acid  fuchsin-methyl  grreen  stain.  X  1000. 
G,  small  area  from  pars  intermedia  and  adjacent  pars  nervosa  showinir 
relation  of  colloid  masses  to  surrounding:  tissue.  Hematoxatin  and 
eosin.     X  265. 

shown  by  Cooper  ('19,  fig.  4  B)  in  the  California  ground-squir- 
rel. Protoplasmic  trabeculae  appear  to  project  far  beyond  the 
deepest  nuclei  but  gradually  diminish  in  size  till  beyond  recog- 
nition. Long  spindle-shaped  cells,  sometimes  reaching  through 
the  entire  thickness  of  pars  intermedia,  have  been  observed  in 
several  other  species  (Herring  *08).  At  the  surface  where  the 
columnar  cells  become  continuous  with  the  flattened  cells,  transi- 
tional forms  are  found.    Each  trabeculum  is  marked  by  a  depres- 
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sion  so  that  the  anterior  margin  of  pars  intermedia  is  scalloped 
when  seen  in  section  (fig.  1). 

The  cytoplasm,  though  very  scanty  in  the  columnar  cells 
especially,  is  well  provided  with  mitochondria  (fig.  5  A).  The 
nuclei  of  the  columnar  cells  are  long  and  spindle-shaped  and  very 
hyperchromatic. 

Another  type  of  cell  is  found  associated  with  the  larger 
masses  of  colloid,  which  appears  more  or  less  abundantly.  Occa- 
sionally a  colloid  mass  is  seen  which  is  larger  in  diameter  than 
the  thickness  of  the  entire  juxtaneural  lobe.  Such  accumulations 
as  are  shown  in  figure  5  E  are  more  common.  The  larger  masses 
contain  a  series  of  vacuoles  around  the  margin  (fig.  5  E).  These 
are  most  likely  the  effects  of  some  of  the  reagents.  While  the 
smaller  colloid  bodies  are  surrounded  by  the  usual  type  of  cell 
as  if  they  had  accumulated  in  intercellular  spaces,  the  larger  ones 
are  surrounded  at  least  partly  by  what  appears  to  be  a  special 
epithelium.  This  epithelial  wall  is  usually  a  single  layer  of  cells 
but  in  places  may  consist  of  a  double  layer.  An  incomplete  wall 
is  seen  in  the  largest  vesicle  in  figure  5  E.  The  cells  vary  in 
shape  from  squamous  to  columnar.  They  are  much  smaller  than 
the  majority  of  the  cells  in  pars  intermedia.  The  cytoplasm  is 
more  homogeneous  in  appearance  and,  as  pointed  out  by  Lewis 
and  Maurer  ('20)  in  the  pig,  is  very  poor  in  mitochondria  (fig. 
5  D).  The  nucleus  has  a  dense  reticulum  containing  many  large 
blocks  of  chromatin.  Small  masses  of  colloid  may  be  found  either 
in  the  cells  or  between  them  (fig.  5  E ) .  These  colloid  cysts  are 
not  to  be  confused  with  the  detached  portions  of  the  residual 
lumen  mentioned  by  Vanderburgh  (*17)  in  the  guinea  pig. 
e.    Residual  lumen 

A  distinct  residual  lumen  (hypophyseal  cavity)  is  always 
present.  It  frequently  contains  colloid.  While  in  general  its 
outline  is  regular,  it  may  be  broken  up  at  the  margins  by  a  fusion 
of  its  walls.  As  a  result  of  this,  small  detached  acini-like  struc- 
tures with  high  columnar  cells  and  almost  invariably  containing 
colloid  may  be  found  between  pars  intermedia  and  pars  anterior 
beyond  the  lateral  borders  of  the  main  cavity.  It  is  possible  that 
some  of  the  acini  occasionally  described  in  pars  anterior  as  hav- 
ing columnar  cells  and  a  lumen  containing  colloid  are  similarly 
detached  portions  of  the  hypophyseal  cavity.  In  the  woodchuek 
the  columnar  cells  forming  the  wall  of  the  detached  cavities  are 


Digitized  by  VjOOQ IC 


RASMUSSEN  53 

identical  with  those  found  in  groups  or  trabeeulae  along  the 
posterior  wall  of  the  main  cavity;  but,  unlike  the  guinea  pig's 
hypophysis  (Vanderburgh  '17),  there  are  no  cilia.  When  some 
of  these  outlying  acini  are  followed  in  serial  sections,  they  are 
found  to  communicate  with  the  main  lumen.  Others  have  been 
completely  cut  off.  As  already  mentioned,  in  rare  instances  the 
cavity  may  extend  into  pars  nervosa  along  with  the  invading 
masses  of  pars  intermedia  cells.  The  residual  lumen  does  not 
extend  up  along  the  infundibular  stalk.  No  cilia  were  ever  seen 
with  certainty  projecting  into  the  cavity.  It  is  surprisingly  free 
from  cellular  debris. 

/.  During  hibernatioii 
In  comparing  the  hypophysis  as  above  described,  which  may 
be  taken  as  the  condition  existing  in  the  autumn  before  hiberna- 
tion, with  those  taken  from  dormant  animals,  the  difference,  if 
any,  was  so  slight  that  nothing  short  of  careful  volumetric 
analysis  could  be  relied  upon.  Any  unusual  feature  found  dur- 
ing winter  sleep  could  usually  also  be  found  in  non-hibernating 
ones.  There  seemed  to  be  nothing  that  was  characteristic  of  the 
hypophysis  during  dormancy.  The  hyperchromatic  and  pycnotic 
character  of  the  nuclei,  described  as  being  typical  of  the  hiber- 
nating state,  was  found  only  here  and  there  and  was  just  as 
evident  before  lethargy.  Methylene  blue  was  purposely  intro- 
duced to  give  a  sharper  nuclear  stain  but  neither  this  nor  hema- 
toxylin, to  say  nothing  about  the  other  stains,  brought  out  any 
difference.  Nor  was  there  any  apparent  difference  in  the  average 
size  of  the  cells.  Limited  regions  were  found  in  pars  anterior  of 
all  the  animals  where  the  cells  were  smaller  than  usual.  These 
areas  are  so  irregular  that  no  general  examination  warranted  any 
statement  as  to  the  relative  number  of  cells  involved.  The  cells 
of  pars  anterior  in  the  neighborhood  of  pars  intermedia  and  the 
residual  lumen  invariably  are  smaller  than  the  average.  On  the 
other  hand,  cells  on  the  outer  margin  are  slightly  larger.  This 
was  true  of  all  the  animals  and  not  merely  in  those  hibernating, 
as  one  would  infer  from  Cushing  and  Goetsch  ('15).  Judging 
from  the  area  and  number  of  sections  the  whole  organ  did  not 
seem  particularly  smaller  during  hibernation,  as  has  been  report- 
ed, when  the  body  weight  was  taken  into  consideration. 
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g.    Post-hibernating  period 

There  was,  however,  an  unmistakable  difference  in  several 
particulars  between  the  hypophyses  taken  in  the  spring,  after 
resumption  of  activity,  and  those  taken  from  dormant  animals 
and  from  animals  killed  before  the  onset  of  winter-sleep.  These 
variations,  together  with  the  general  similarity  between  lethargic 
and  pre-lethargic  animals,  can  best  be  demonstrated  by  a  consid- 
eration of  the  results  obtained  by  the  volumetric  study  carried 
out.  It  might  be  stated  here,  however,  that  no  evidence  of  cell 
division  was  seen  in  any  case,  notwithstanding  the  fact  that  such 
has  been  seen  by  Gemelli  and  by  Gushing  and  Gtoetsch  during  the 
post-hibernating  period  and  that  the  material  here  used  was 
fixed  instantaneously  in  situ  immediately  after  death.  Washing 
out  the  blood  before  perfusing  with  the  fixer  is  a  possible  though 
not  very  probable  explanation  of  this  negative  result. 

TABLE  1. 

Vdumetric  data  on  the  whole  hypophyau  and  its  three  principal  parte  before,  daring  and  after  hiber- 
nation in  the  woodchuek. 


Animal 

Wbolb  Htpophtbib 

Hrporaran  Formed  bt 

|1 
II 

H 

SB     S 

1 

if 

Volume 
cc. 

Percentage 

of 

Maximum 

OmBsBody 

Wrtght 

Pare 
Anterior 
(Distalis) 

Pkrs 

Intermedia 

(Juxta- 

neunlie) 

Pbts 

Nervosa 
(ProceaeuB 
Infundib.) 

BEFORE  HIBERNATION 


0 

4  Female 
6  Male 

35  to  38 

Av. 
Mi. 
Ma. 

0.00633 
0.00545 
0.00750 

0.000235 
0.000161 
0.000280 

47.2 
40.6 
60.7 

2.41 
0.07 
3.84 

50.4 
45.5 
56.3 

DURING  HIBERNATION 


4  Female 

5  Male 


7  to  16 


Av. 
Mi. 
Ma. 


0.00641 
0.00542 
0.00741 


0.000235 
0.000168 
0.000201 


44.9 
34.6 
50.6 


2.51 
1.05 
3.71 


52.6 
45.0 
63.2 


AFTER  HIBERNATION— NOT  FED 


0 

4  Female 

5  Male 

34  to  37 

Av. 
Mi. 
Ma. 

0.00865 
0.00488 
0.01009 

0.000322 
0.000222 
0.000380 

43.7 
38.4 
49.7 

2.76 
1.60 
3.56 

63.6 
47.0 
59  3 

AWAKE  SEVERAL  WEEKS-FED  ONE,  TWO  OR  THREE  WEEKS 


2  Female 
IMale 


36  tc  38 


Av. 
Mi. 
Ma. 


0.00722 
0.00500 
0.01027 


0.000312 
0.000267 
0.000353 


45.6 
87.5 
53.7 


2  51 
1.80 
3.21 


51.0 
44.5 

59.2 
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VOLUME  OP  THE  PEINCIPALi  PABTS  OP  THE  HYPOPHYSIS 

a.    Before  Hibernation 

The  results  of  the  volumetric  analysis  of  the  parts  of  the 
hypophysis  of  thirty  animals  with  related  data  are  tabulated  in 
table  1.  The  volume  of  the  whole  hypophysis  is  merely  the  sum 
of  the  three  principal  parts  which  are  listed  in  the  last  three 
columns.  The  average  of  the  nine  hypophyses  obtained  before 
hibernation  was  0.00633  cc.  Rather  than  making  an  extensive 
table  with  individual  volumes,  the  condensed  tabulations  include 
only  the  smallest  and  the  largest  organ  encountered  in  addition 
to  the  average,  in  order  to  indicate  the  range  of  individual  varia- 
tion. These  limits  happen  to  be  very  narrow  in  this  group 
(0.00545  to  0.00750) .  It  must  be  remembered  that  these  volumes 
refer  to  the  fixed  materitil  and  therefore  represents  only  about 
half  of  the  real  volume  (Jackson  '17).  Since  the  hypophyses 
of  the  larger  animals  are,  as  a  general  rule,  larger  than  those 
of  the  smaller  animals,  it  is  necessary  to  take  into  account  the 
size  of  the  animal.  This  has  been  done  by  placing  in  the  next 
column  the  percentage  of  the  body  which  is  represented  by  the 
organ,  assuming  that  its  specific  gravity  is  1.  This  averages 
0.000235  per  cent,  but  there  is  an  enormous  individual  variation 
(0.000161  to  0.000280).  Although  such  marked  variations  have 
been  noted  in  other  animals  (Hatai  '13a,  Jackson  '17,  and  others) 
as  well  as  in  man,  one  source  of  error  here  is  the  necessity  of  tak- 
ing the  gross  (and  not  the  net)  body  weight.  Prom  over  a  hun- 
dred woodchucks  in  which  the  writer  has  determined  the  gastro- 
intestinal contents  it  may  be  said  that  the  gross  body  weight  in- 
cludes anywhere  from  1  to  10  per  cent  of  such  contents  .  But  this 
seemed  unavoidable  because  the  essential  point  to  determine  was 
to  what  extent  the  hypophysis  was  modified  by  hibernation  and 
by  the  restoration  of  activity,  etc.,  but  during  this  time  the  body 
weight  is  decreasing  from  lack  of  food  and  water  till  at  the  time 
of  awakening  25  to  30  per  cent  has  been  lost. 

The  body  weight  was  obtained  in  the  fall  before  hibernation 
by  weighing  the  living  animal  on  a  spring  scale.  Those  that  were 
kept  in  captivity  for  some  time  were  weighed  several  times  before 
dormancy  set  in.  Each  animal  was  ear-marked  with  a  punch  so 
as  to  be  identified.  Although  many  of  the  animals  were  kept 
under  conditions  which  were  almost  identical  with  the  norinal 
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habitat  (Rasmussen  '15),  some  lost  and  others  gained  weight 
while  being  fed  in  the  fall  before  hibernation.  Therefore,  the 
maximum  body  weight  obtained  while  active  was  used  in  making 
the  calculations  listed  in  tables  1  and  2.  Nearly  all  the  animals 
weighed  between  2000  and  3000  grams. 

Prom  the  last  three  columns  in  table  1  it  is  seen  that  the 
glandular  portion  (pars  anterior  and  pars  intermedia)  constitute 
about  half  of  the  organ  and  pars  nervosa  the  other  half.  Pars 
anterior  varies  from  40.6  to  50.7  per  cent,  average  47.2  per  cent. 
Pars  intermedia  represents  only  2.41  per  cent  on  the  average, 
but  varies  enormously  (0.97  to  3.84  per  cent).  As  will  be  shown 
in  table  2,  this  variation  is  largely  due  to  a  sex  difference.  The 
females  have  a  much  smaller  pars  intermedia,  but  since  the 
number  of  animals  of  a  particular  sex  is  the  same  in  each  of  the 
three  principal  groups,  this  does  not  invalidate  seriously  a  com- 
parison of  averages  based  on  both  sexes  in  these  groups. 

When  compared  with  the  only  other  data  which  have  been 
found  on  the  proportion  of  the  whole  organ  formed  by  the  prin- 
cipal components  (Jackson  '17,  on  the  rat,  Bjorkman  '15,  on  the 
rabbit) ,  it  is  found  that  pars  anterior  of  the  woodchuck  consti- 
tutes about  half  and  pars  intermedia  only  about  one-third  the 
proportion  that  the  corresponding  parts  represent  in  the  hypo- 
physis of  the  albino  rat.  On  the  other  hand  pars  nervosa  is 
more  than  six  times  the  proportion  found  in  the  rat.  In  the  rat, 
pars  intermedia  is  as  large  as  pars  nervosa  and  each  constitutes 
about  714  per  cent  of  the  whole  organ.  In  the  rabbit,  the  propor- 
tions are  much  like  those  in  the  rat  in  that  pars  anterior  con- 
stitutes by  far  the  greatest  bulk  (66-73  per  cent) ;  while  pars 
nervosa  represents  from  14  to  19  per  cent,  and  pars  intermedia 
10  to  15  per  cent.  Numerous  comparative  data  on  the  size  of 
the  hypophysis  are  given  by  Livon  '09,  but  these  refer  only  to 
the  organ  as  a  whole. 

b.    During  hibernation 

The  figures  obtained  from  the  nine  dormant  animals  are  in 
every  particular  fcasentially  like  those  from  animals  killed  before 
hibernation.  All  are  well  within  probable  errors  when  individual 
variations  and  the  limited  number  of  animals  are  taken  into  con- 
sideration. If  the  percentage  which  the  organ  formed  of  the 
body  weight  had  been  calculated  from  the  weight  of  the  animal 
when  killed,  the  hypophysis  would  have  appeared  to  be  about  25 
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per  cent  larger  than  is  characteristic  of  the  pre-hibemating  stage, 
hence  the  necessity  of  knowing  the  original  weight  before  emacia- 
tion sets  in.  It  is  reasonably  certain,  therefore,  that  the  hypo- 
physis does  not  diminish  in  size  during  hibernation  in  the  wood- 
chucks  here  investigated. 

c.    After  hibernation 

In  comparison  with  the  two  preceding  groups  this  third 
group,  which  consists  of  animals  that  had  been  awake  from  sev- 
eral days  to  several  weeks  with  no  food  available,  shows  an 
increase  of  fully  one-third  in  the  size  of  the  hypophysis.  The 
whole  gland  varies  from  0.000222  to  .000380  per  cent  of  the  max- 
imum gross  body  weight,  average  0.000322.  This  agrees  with  the 
findings  of  Gemelli  and  of  Gushing  and  Goetsch.  There  is  not 
enough  variation  from  the  above  two  groups  in  the  relative  pro- 
portion of  the  lobes  to  indicate  any  particular  difference  in  the 
rate  of  hypertrophy  of  the  three  parts.  If  anything,  pars  nervosa 
has  increased  slightly  more  than  pars  anterior — ^just  the  reverse 
of  what  one  would  expect  from  the  supposed  decrease  in  the 
latter  pictured  by  previous  investigators. 

The  reason  for  this  general  hypertrophy  has  already  been 
suggested  earlier  in  this  article  where  reference  was  made  to 
increased  activity  especially  in  the  sex  gland  during  the  rutting 
period  and  the  interrelation  of  the  hypophysis  and  gonads.  The 
great  variation  in  pars  intermedia  is  again  largely  due  to  a  sex 
difference. 

Attention  should  be  drawn  to  the  difference  in  the  effects  of 
inanition  in  this  hibernating  species  of  rodent  even  when  active 
and  in  the  albino  rat,  a  non-hibernating  rodent.  Jackson  ('17) 
found  in  the  adult  that  inanition  produced  generally  a  relative 
decrease  in  pars  anterior  with  evidence  of  atrophy  and  degenera- 
tion. In  all  probability  animals  that  regularly  hibernate  have  a 
degree  of  resistance  to  inanition  and  other  conditions  such  9s 
is  not  generally  found.  The  storage  of  an  enormous  amount  of 
fat  and  the  great  reduction  in  oxidation  readily  suggest  that 
inanition  effects  during  dormancy  would  be  largely  obviated; 
but  it  is  rather  strange  that  upon  waking  up  and  becoming  active 
after  one-fourth  or  more  of  the  body  weight  has  been  lost,  there 
are  no  inanition  effects  even  after  three  or  four  weeks  deprivation 
of  food  and  water  with  rapid  loss  of  body  weight. 
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The  last  group  of  three  animals,  fed  one,  two  or  three  weeks 
respectively  after  having  been  awake  several  weeks  without  food, 
do  not  differ  essentially  from  those  that  had  not  been  fed.  It 
is  evident  that  the  hypertrophy  of  the  hypophysis  during  the 
rutting  season  goes  on  independently  of  the  food  factor, 
d.    Sex  differences 

The  volumetric  data  on  the  lobes  brought  out  the  fact  that 
there  is  a  fairly  constant  sex  difference.  To  show  this'  more 
clearly,  all  the  females  were  grouped  together  and  an  equal 
number  of  males  so  that  there  were  as  many  males  as  females 
from  each  of  the  four  groups  or  stages.  The  results  are  tabulated 
in  table  2.    It  appears  from  this  that  the  male  gland  is  about  13 

TABLE  2. 

Sex  differences  in  the  hypophyas  of  the  woodohack  bued  on  13  malei  (average  body  weight— 2638 
grams)  and  13  females  (average  body  weight— 2480  grams).    Males  6.4  per  cent  heavier  than  the  females. 


Wholb  Gland 

PA.BS  InTBRIOB 

VhBB  Intebicedu 

P4U  NSRVOSA 

Sex 

Volume 
cc. 

Per  cent 
of  Body 
Weight 

Volume 
cc. 

Per  cent 
of  Body 
Weight 

Volume 
cc. 

Per  cent 
of  Body 
Weight 

Volume 
cc. 

Percent 
of  Body 
Weight 

Male 

.00734 

.000278 

.00348 

.000132 

.00022 

.0000083 

.00365 

.000138 

Female 

.00614 

.000248 

.00296 

.000120 

.00014 

.0000056 

.00303 

.000122 

Urper  in  Male 

than  ID  Female  by 

19.5  per  oent 

Lar^  in  Male 

than  in  Female  by 

16.9  per  cent 

Larger  in  Male 

than  m  Female  by 

56.8  per  cent 

Larger  in  Male 

than  in  Female  by 

20.4  per  cent 

per  cent  heavier  than  the  female  when  the  6.4  per  cent  difference 
in  body  weight  is  taken  into  account.  Similarly  each  lobe  is 
larger  in  the  male.  Pars  nervosa  follows  closely  the  whole  organ 
but  pars  anterior  is  only  about  10  per  cent  larger  in  the  male. 
It  is  pars  intermedia,  however,  that  is  markedly  different  in  the 
two  sexes,  being  50  per  cent  larger  in  the  male  than  in  the  female 
of  the  same  body  weight.  Of  the  13  females  only  one  had  a  gland 
near  the  upper  limits  and  of  the  males  only  one  had  a  gland  near 
the  lower  limit. 

In  albino  rats  above  50  grams  in  weight  the  females  have  a 
larger  hypophysis  than  the  males  (Hatai  *13a).  Jackson  ('17) 
finds  that  this  is  chiefly,  if  not  entirely,  due  to  a  larger  pars 
anterior.  His  figures  on  pars  intermedia,  however,  indicate,  if 
anything,  that  it  is  slightly  larger  in  the  male.  Wittek   ('13) 


Digitized  by  VjOOQ IC 


RASMUSSEN 


59 


found  that  in  cattle  the  hypophysis  is  also  relatively  larger  in 
the  female.  In  th^  human  species  (Caselli  '00,  Lucien  '11)  the 
female  hypophysis  is  apparently  slightly  larger,  especially  as 
percentage  of  body  weight  and  the  same  seems  to  be  true  of  the 
rabbit  (Bjorkman  '15). 

Pregnancy,  which  may  cause  enlargement  of  the  hypophysis 
(Comte  '98,  Erdheim  and  Stumme  '09  and  others),  is  no  com- 
plicating factor  in  the  animals  used  for  this  study  since  the 
woodchuck  does  not  breed  in  captivity.  All  the  reproductive 
organs  of  these  animals  were  carefully  examined  and  fixed  for 
other  studies  and  no  cases  of  pregnancy  were  found. 

TABLE  3. 

Vohjfnetric  data  on  the  parenchyma  cells  of  pan  anterior  and  pars  intermedia  of  the  hypophysis  of 
the  woodchurk  before,  during  and  after  hibernation.  All  figures  in  micra.  Same  animals  in  the  various 
groups  as  in  Table  1. 


<   1   1 

PARS  ANTERIOR 

PARS  INTERMEDIA 

WaoLE  Cell 

Nucusrs 

Wbolb  Cell 

NrcLBus 

i^ii 

Volume 

Diameter 

Volume 

Diameter 

Volume 

Diameter 

Volume      Diameter 

BEFORE  HIBERNATION 

Av. 
Mi. 
Ma. 

922.8 

11.8 
11.4 
12.5 

8(9 

76  0 
88.2 

5.45 
5.25 
5.52 

1793.8 
15  M.  5 
2017.6 

15.1 

n.o 

16.0 

n«.5 

133  3 
119.0 

1 

5.92 
5  S2 
6.13 

DURINQ  HIBERNATION 

Av. 
Mi. 
Ma. 

860.3 
811.5 
1098.1 

11.8 
11  6 
12.8 

00.7 
83  5 
100.8 

5.57 
5  4? 
5.77 

1S89  9 
1319.3 
2503.7 

15.3 
13.0 
17.4 

lOS  8 
105.5 
131.1 

5.92 
5.^5 
6.30 

AFTER  HIBERNATION -NOT  FED 


Av. 
Nfi. 
Ma. 

817.5 
671.3 
1005.2 

11.7 

■     10.8 

12.4 

9M 
81.2 
105.1 

5  60 
5  37 
5.86 

233  >.  5 
19>?.5 
28i5.0 

16.6 
IVO 
18.0 

lis. 8 
105.4 
132.6 

6.10 
5  8S 
6.33 

AWAKE  SEVERAL  WEEKS-FED  ONE.  TWO  OR  THREE  WEEKS 


Av. 

881  1 

11. q 

96.0 

5.68 

156S.4 

11.7 

111.7 

5.97 

Mi. 

811.5 

11  6 

91.4 

5.65 

1501.4 

n  2 

102.5 

5.81 

Ma. 

915.0 

12.0 

97.4 

5.71 

1793.8 

15.0 

121.1 

6.14 

SIZE  OP  CELIiS  AND  NUCLEI  IN  PARS  BUCCALIS 

a.    Pars  anterior 
The  result  of  the  volumetric  study  of  cells  and  nuclei  of 
thirty  animals  are  collected  in  table  3.    With  reference  to  pars 
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anterior  before  hibernation  it  is  seen  that  the  average  cell  diame- 
ter is  11.8  \i  and  the  average  volume  is  854.2  cu.  \i.  The  nuclei 
average  5.45  (x  in  diameter  and  84.9  cu.  \i  in  volume.  During 
hibernation  these  figures  are  not  decreased,  being  the  same  for 
the  cell  and  slightly  larger  for  the  nucleus.  Similarly  after 
hibernation  and  before  feeding  there  is  but  little  change  in  the 
size  of  the  whole  cell  (a  decrease,  if  anything,  but  too  slight  to 
be  of  any  significance),  but  the  nucleus  apparently  slowly  in- 
creases. There  are  so  few  animals  in  the  last  group  that  the 
effect  of  feeding  is  not  established. 

The  atrophic  changes  during  hibernation  described  by  Ge- 
melli  and  by  Gushing  and  Goetsch  are  not  supported  by  these 
measurements,  nor  do  the  cells  as  a  whole  seem  to  get  larger  after 
becoming  active  in  the  spring. 

The  inanition  effects  described  by  Jackson  ('17)  in  the  rat 
(reduced  and  vacuolated  cytoplasm,  hyperchromatism  and 
pycnosis  of  the  nucleus),  are  not  in  evidence  in  the  emaciated 
woodchuck. 

b.    Pars  intermedia 

The  cells  in  pars  intermedia  (excluding  the  smaller  cells, 
with  hyperchromatic  nuclei  and  located  in  the  posterior  portion 
and  also  excluding  the  cells  lining  the  residual  lumen)  are  about 
twice  the  size  of  the  cells  of  pars  anterior.    The  nuclei  are  also 

TABLE  4. 

ReUtiye  number  of  acidophilic  and  basophilic  cells  in  pan  anterior  of  the  woodchuck  faypoph; 
baaed  on  counting  from  206  to  284  fields  in  each  of  four  aniniala  (2  males  and  2  females)  in  each  of  the  tl 
groups.    Figures  refer  to  the  number  of  cells  per  field. 


The  headings  below  refer  to 
ndividiial  animals. 

Beporb  Hmnuf  ation 

During  Hibernation 

Aftce  Hibernation 

Acido. 

Baao. 

Acido. 

Baso. 

Acido. 

Baso. 

kyvngff'r  of  all  four  animals 

36.3 
33.8 
39.2 

4.5 

1.1 

12.7 

40.6 
38.5 
44.6 

4.7 
4.0 
4.9 

46.9 
40.3 
54.4 

14.7 

Minimum 

12.6 

Maximum .,.....,....,,,.. 

16.7 

larger  being  nearly  6  ja  in  diameter  as  compared  with  5.5  \i,  the 
diameter  of  pars  anterior  cells.  Here  again  there  is  no  difference 
between  the  pre-hibernating  period  and  that  of  dormancy.  The 
third,  or  post-hibernating  group,  shows  a  perceptible  increase 
in  the  size  of  both  cells  and  nuclei.  This,  however,  is  not  sup- 
ported by  the  three  fed  animals  in  the  last  group. 


Digitized  by  VjOOQ IC 


RASMUSSEN  61 

RELATIVE    NUMBER    OP    ACIDOPHILES    AND    BASOPHILES    IN 
PARS  ANTERIOR 

a.    Before  hibernaiio-n 

To  check  the  assertion  that  during  hibernation  there  is  a  loss 
of  the  differential  staining  power  of  the  cells  in  pars  anterior, 
the  average  number  of  acidophiles  and  basophiles  present  in  a 
microscopic  field  was  determined  in  two  males  and  two  females 
from  each  of  the  three  principal  groups.  These  data,  as  filed  in 
table  4  show  that  before  hibernation  there  were  36.3  acidophiles 
and  4.5  basophiles  per  field.  The  basophiles  varied  between  such 
wide  limits  (1.1  and  12.7)  that  the  average  is  not  worth  much. 
The  mean  value  was,  of  course,  lower  than  the  average. 
h.    During  hibernation 

The  figures  obtained  during  hibernation  do  not  vary  much 
from  those  already  given.  The  range  of  variation  was  much 
more  limited  in  the  case  of  the  basophiles,  while  the  acidophiles 
are  slightly  more  numerous.  Dormancy,  therefore,  produces  no 
striking  modification  in  the  number  of  chromophilic  cells  which 
appear  as  a  rule  at  least  as  numerous  during  hibernation  as 
before.  One  case  was  found  to  contain  three  times  as  many  baso- 
philes before  as  was  ever  found  during  lethargy  but  the  rest  had 
distinctly  fewer.  The  intensity  of  the  differential  stain  was  as 
great  as  was  generally  the  case  in  the  preceding  group, 
c.    After  hibernation 

After  waking  up  a  marked  increase  in  the  number  of  baso- 
philes is  indicated  (14.7  as  compared  with  4.7  during  and  4.5 
before  hibernation).  There  appears  to  be  only  a  slight  increase 
in  acidophiles.  Since  the  anterior  lobe  is  a  third  larger  at  this 
time  (table  1),  the  total  numerical  increase  is  unquestionable — 
amounting  to  about  four  times  in  the  case  of  the  basophiles.  This 
increase  in  chromophile  cells  fully  accounts  for  the  enlargement 
of  the  pars  anterior.  The  basophiles  also  stain  more  strongly 
with  the  basic  dyes  so  that  they  stand  out  more  prominently.  The 
macula  is  therefore  more  evident  in  thin  sections  and  the  whole 
Golgi  apparatus — if  such  it  is — is  generally  larger  than  at  any 
other  time.  The  increased  differential  staining  properties  of  the 
basophiles  is  fully  in  accord  with  all  previous  observations.  It 
cannot  be  said  that  the  acidophiles  stain  more  intensely. 

Here  again  the  decrease  in  the  specific  staining  reaction 
noted  by  Jackson  ('17)  in  the  rat  during  inanition  is  not  dupli- 
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cated  in  starving  woodchucks  with  a  loss  in  body  weight  from 
30  to  40  per  cent,  in  round  numbers  (Rasmussen  and  Basmussen 
17,  p.  141). 

d.  Significance  of  the  different  types  of  cells  in  pars  anterior 
The  many  writers  that  have  commented  on  the  significance 
of  the  different  types  of  cells  in  pars  anterior  (for  literature 
Biedl  '16,  Schafer  '16,  Cooper  '19)  may  be  classified  into  two 
main  groups.  Probably  a  majority  (St.  Remy,  Benda,  Cans  and 
Van  der  Stricht,  Herring,  Stendell,  Pirone,  Launois,  Thaon  and 
Joris,  Sandri,  Noronha,  Vanderburgh,  Cooper  and  others)  favor 
the  view  that  they  are  merely  different  functional  stages  of  the 
same  general  type  of  cell.  The  basophilic  are  generally  regarded 
as  containing  the  ripe  secretion  and  the  other  types  as  being  in 
earlier  stages^ of  the  secretory  process.  The  other  group  (Loth- 
ringer,  Rogowitsch,  Stieda,  Flesch,  Gemelli,  Scoffidi,  Thorn,  Guer- 
rine,  Erdheim,  Kon,  Kraus,  Schafer,  Addison,  etc.)  believe  they 
represent  at  least  two  different  functional  types,  there  being  a 
strong  tendency  to  favor  the  derivation  of  the  chromophiles  from 
the  chromophobes,  but  to  consider  the  acidophiles  and  basophiles 
as  functionally  different;  but  ideas  vary  greatly. 

The  almost  total  lack  of  intermediate  forms,  particularly 
between  the  acidophiles  and  basophiles,  as  judged  after  staining 
with  a  differential  stain  such  as  Mallory's  acid  fuchsin — aniline 
blue — orange  G,  does  not  favor  the  view  that  the  three  kinds  of 
cells  are  different  functional  stages  of  the  same  cell.  In  the  very 
active  rutting  period  when  the  hypophysis  enlarges,  one  would 
from  the  first  theory  expect  to  see  many  transitional  forms. 

The  lack  of  any  modification  of  the  general  cell  picture  dur- 
ing profound  dormancy  in  the  woodchuck  leaves  us  with  no  posi- 
tive suggestion  from  this  source  as  to  the  functional  significance 
of  any  of  the  constituents  of  the  hypophysis;  but  the  marked 
response  to  increased  activity  shown  by  the  basophilic  cells,  indi- 
cates that  this  type  is  more  intimately  related  to  processes  which 
are  readily  influenced  by  the  changed  conditions  incident  to 
hyperactivity.  The  susceptibility  of  the  basophiles  is  also  shown 
by  the  increase  in  size,  number  and  vacuolization  which  they 
undergo  in  the  albino  rat  after  castration  (Addison  '17a).  Al- 
though the  acidophiles  also  are  affected  by  ovariotomy  in  the 
human  female,  Rossle  ('14)  noted  as  well  a  decrease  and  even 
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lack  of  basophiles.  Possibly  in  time  the  greatly  modified  baso- 
philes  pictured  by  Addison  in  the  rat  would  become  so  necrotic 
as  to  be  absorbed,  thus  bringing  the  above  two  observations  into 
substantial  agreement.  According  to  Lucien  ('11)  there  is  a 
marked  increase  in  the  basophilic  cells  in  the  aged  and  Raeder 
('20)  reports  that  in  the  feeble-minded,  where  the  hypophysis 
is  involved  more  often  than  any  other  ductless  gland,  the  most 
frequent  change  is  a  deficiency  of  the  basophilic  cells. 

Until  the  appearance  of  the  different  cells  during  specific 
stages  of  their  activity  is  more  fully  known  it  is  hazardous  to 
attempt  any  elaborate  interpretation  of  the  findings  here  re- 
ported. 

SUMMARY 

1.  The  hypophysis  cerebri  of  the  woodchuck  has  all  the 
structures  generally  recognized.  The  processus  infundibuli  and 
the  distal  portion  of  the  inf undibulum  are  solid.  There  is  a  well 
preserved  residual  lumen.  The  whole  organ  (after  fixation  and 
embedding)  forms  normally  0.000235  per  cent  of  the  gross  body 
weight. 

2.  Pars  anterior  (distalis)  forms  a  crescentic  lobe  which 
constitutes  46  per  cent  of  the  entire  organ  before  and  during 
hibernation.  It  has  the  usual  rich  blood  supply.  Three  types 
of  cells  are  recognized  in  this  lobe:  chromophobes,  acidophiles 
and  basophiles.  The  lack  of  intermediate  forms  (tinctorially) 
militates  against  the  theory  that  these  three  types  are  only  differ- 
ent functional  stages  of  the  same  cell. 

3.  Pars  intermedia  (juxta-neuralis)  represents  only  2.46 
per  cent  of  the  whole  gland  (average  of  pre-hibernating  and 
hibernating  stages).  The  great  bulk  of  this  structure  is  com- 
posed of  the  usual  large  cells.  An  irregular  stratum  of  smaller 
cells  forms  the  posterior  boundary.  The  cells  next  to  the  residual 
lumen  are  greatly  modified  into  squamous  and  into  long  spindle- 
shaped  columnar  cells.  Colloid  is  frequently  abundant — ^the 
larger  masses  being  partly  or  entirely  surrounded  by  a  wall  of 
special  cells. 

4.  A  sex  difference  is  apparently  revealed  by  the  volumet- 
ric analysis  of  the  lobes.  The  male  gland  averages  13  per  cent 
larger  than  the  female.  This  difference  is  equally  shared  by  pars 
nervosa  and  pars  buccalis  (glandularis),  but  of  the  two  compo- 
nents of  the  latter  pars  intermedia  is  50  per  cent  larger  while 
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pars  anterior  is  only  10  per  cent  larger  in  the  male.    However, 
only  26  animals  (13  males  and  13  females)  are  considered. 

5.  Hibernation  produces  no  change  in  the  weight  or  his- 
tological structure  of  the  hypophysis  when  compared  with  the 
pre-hibemating  gland,  which  is  the  standard  of  greatest  reliance. 
The  atrophic  appearance  of  pars  anterior  (suggesting  a  stage  of 
hypof unction)  as  previously  reported  is  not  confirmed. 

6.  Immediately  after  waking  up  in  the  spring,  during  the 
rutting  season,  hypertrophy  takes  place  in  the  hypophysis 
amounting  to  33  per  cent  in  animals  kept  in  captivity.  This  is 
distributed  proportionately  among  the  three  principal  parts  of 
the  gland.  The  chief  cells  and  their  nuclei  in  pars  intermedia 
apparently  increase  slightly  in  size.  While  the  average  volume  of 
the  cells  in  pars  anterior  shows  no  variation,  the  nuclei  show  a 
little  enlargement.  The  conspicuous  change  accompanying  the 
heightened  activity  is  a  tripling  of  the  relative  number  of  baso- 
philes  and  a  distinct  increase  in  their  staining  reaction. 

7.  It  is  believed  that  a  failure  to  compare  the  hypophysis 
of  the  hibernating  stage  with  that  of  the  stage  just  before  the 
onset  of  dormancy  and  the  tendency  to  interpret  the  post-hiber- 
nating conditions  as  the  normal  state,  are  responsible  for  the 
idea  that  winter-sleep  in  the  marmot  produces  atrophic  changes. 
The  return  to  the  pre-hibemating  condition  evidently  occurs  late 
in  the  summer  after  the  active  stage  of  the  sexual  cycle  has 
terminated,  as  is  the  case  with  the  interstitial  cells  of  the  testis 
and  ovary.  The  limited  number  of  animals  involved  and  the 
great  range  of  individual  variation  are  also  probable  sources  of 
error  which  are  to  some  extent  applicable  to  this  study  as  well. 

8.  There  is  a  striking  difference  in  the  reaction  of  the  wood- 
chuck  and  of  the  albino  rat  (a  non-hibernating  species)  to  inani- 
tion. While  inanition  in  the  rat  produces  atrophic  changes  in 
the  hypophysis  (Jackson),  starvation  even  in  the  spring  during 
several  weeks  of  activity  and  after  three  months  deprivation  of 
food  during  dormancy,  is  attended  with  no  such  characteristics 
but  rather  with  hypertrophy  of  the  whole  organ  and  hyperplasia 
of  some  of  its  elements. 

I  wish  to  express  my  appreciation  of  the  valuable  assistance  ren- 
dered by  Dr.  Sutherland  Simpson  (Cornell  University,  Ithaca,  N.  Y.) 
in  the  securing  of  material  and  by  Dr.  C.  M.  Jackson  in  connection 
with  the  volumetric  methods  and  in  the  form  of  many  other  sugges- 
tions. Credit  is  also  due  Mr.  G.  H.  Childs  for  the  careful  preparation 
of  the  illustrations. 
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ON  THE  ORGANIZATION  OF  NEURO-ANATOMY  FOR 
MEDICAL  STUDENTS  UPON  A  THOROUGH-GOING 
FUNCTIONAL  BASIS  WHERE  ONLY  THE  HUMAN 
BRAIN  IS  USED  FOR  DISSECTION 

A.  T.  RASMUSSEN 
Medical  School,  Unioeraity  of  Minnesota,  Minneapolis 

SIX  FiaURES 

The  report  of  the  proceedings  of  the  thirtieth  annual  meeting  of 
the  Association  of  American  Medical  Colleges  shows  that  there 
still  exists  great  diversity  in  the  methods  used  in  connection  with 
the  course  in  neuro-anatomy.  The  efBcient  teaching  of  this  im- 
portant and  difficult  course  is  undoubtedly  one  of  the  real  prob- 
lems before  the  medical  schools.  This  is  largely  because  of  the 
complex  nature  of  the  subject  and  the  limited  time  allowed  for  its 
study.  The  most  economical  utilization  of  the  student's  time  is 
also  becoming  extremely  important  throughout  the  entire  med- 
ical curriculum,  due  to  the  expansion  and  increased  technicality 
of  the  subject-matter.  On  this  accoimt  any  suggestions  for  im- 
provement which  appear  to  develop  as  a  result  of  the  application 
of  a  particular  method  of  handling  a  subject  should  be  put  on 
record  that  others  may  test  it  out.  Tod  often  a  teacher  is  con^ 
ducting  a  course  as  he  was  taught,  irrespective  of  the  efficiency  of 
the  method. 

In  connection  with  neuro-anatomy  many  valuable  suggestions 
have  appeared  from  time  to  time,  such  as  the  emphasizing  of  the 
functional  aspect,  methods  of  dissection  which  result  in  maximimi 
exposure  of  internals  tructures,  construction  of  large  fiber-tract 
models,  providing  students  with  outline  sketches  to  aid  them 
in  their  work  on  the  brain  stem,  etc.  These  all  have  their  place 
and  should  be  available  and  utilized.  What  is  intended  here  is  to 
outhne  the  course  as  it  is  now  given  at  the  University  of  Minne- 
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sota,  in  order  to  show  the  practicability  of  proceeding  upon  a 
thoroughgoing  functional  basis.  It  is  believed  that  the  method 
of  approach  here  used  has  a  number  of  features  which  contribute 
to  the  economical  expenditure  of  the  student's  time  and  ultimately 
to  greater  clearness  in  the  physiological  and  clinical  significance  of 
the  great  array  of  anatomical  details,  which  are  too  often  left  as 
merely  a  bewildering  complexity. 

This  course  on  the  gross  and  microscopic  anatomy  of  the  ner- 
vous system  and  organs  of  special  sense  is  the  outgrowth  of  many 
years  of  teaching  and  research  by  Dean  J.  B.  Johnston  (whose 
functional  attitude  and  numerous  publications  in  neurology  are 
well  known, in  particular  see"  Anew  method  of  brain  dissection," 
Anat.  Rec,  vol.  2,  p.  345,  1908)  together  with  a  nmnber  of  minor 
modifications  which  seemed  advisable  to  the  writer  after  twelve 
years  of  experience  with  neurology  in  several  universities. 

Since  only  human  brains  are  used  for  dissection,  the  approach 
to  various  structures  must  be  carefully  planned  and  plainly  in- 
dicated to  avoid  imdue  destruction  of  things  to  be  dissected 
later  on  in  the  course.  It  is  not  only  possible,  but  practicable  for 
each  pair  of  students  to  get  all  the  essentials  upon  one  half  of  a 
human  brain  and  have  a  respectable-looking  dissection  at  the  end 
of  the  course.  It  is,  however,  quite  necessary  to  have  available 
in  the  laboratory  demonstration  dissections  and  brains  cut  in 
gross  serial  sections  in  the  vertical  and  in  the  horizontal  plane. 
Such  series  wil  last  for  several  years  if  the  individual  sections  are 
about  a  centimeter  thick  and  each  series  kept  together  in  a  jar 
sufficiently  large  to  permit  easy  removal  of  the  brain  by  the  stu- 
dents. Brains  from  bodies  in  which  the  blood  vessels  have  been 
injected  with  coloring  matter  are  often  especially  good  for  this 
purpose,  even  if  they  have  dried  up  to  some  extent.  There  is 
frequently  an  excellent  differentiation  of  the  white  and  the  gray 
matter  due  to  the  gray  having  taken  up  more  of  the  pigment  from 
the  injection  mass. 

The  general  plan  of  the  course,  after  an  introductory  survey 
of  the  meninges,  external  anatomy  of  the  brain  and  spinal  cord 
and  the  methods  utilized  in  working  out  the  architecture  of  the 
nervous  system,  is  to  take  up  in  turn  each  of  the  great  afferent 
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conducting  systems,  commencing  in  each  case  with  the  receptors 
or  end-organs,  then  reviewing  the  peripheral  nerves  and  ganglia 
involved,  and  finally  the  fiber  bundles  and  related  gray  matter  in 
the  spinal  cord  and  brain  to  the  highest  known  centers.  As  the 
tracts  are  followed  upward  in  the  central  nervous  system,  the 
principal  reflex  connections  encountered  are  indicated.  After 
considering  all  the  afferent  systems  except  the  olfactory— which 
is  left  till  later  in  the  course  when  the  rhinencephalon  can  be  most 
advantageously  dissected— the  cerebral  hemispheres  are  taken  up 
in  the  lectures  under  such  headings  as  cause  and  significance  of 
fissure  formation,  cerebral  localization,  histology  of  the  cortex, 
association,  commissural  and  projection  fibers,  while  in  the  labor- 
atory cerebral  topography  and  histology  of  the  cortex  are  con- 
sidered and  as  much  of  the  hemisphere  dissected  as  is  necessary 
to  disclose  the  association,  comimissural  and  projection  bundles. 
This  prepares  the  students  for  taking  up  the  efferenfrmechanism, 
although  a  general  idea  of  the  efferent  limb  of  many  reflex  arcs 
has  already  been  obtained  incidentally  in  connection  with  the 
afferent  system.  The  principal  efferent  systems  are  then  traced 
to  lower  motor  neurones  whose  relation  to  the  peripheral  nervous 
system  and  muscles  and  glands  naturally  follow.  The  olfactory 
system  is  then  taken  up.  This  leaves  for  final  consideration  the 
brain  ventricles  and  the  blood  supply.  Since  during  the  course  of 
dissection  the  blood  vessels  are  not  readily  followed,  demonstra- 
tion specimens  with  vessels  injected  are  used  in  the  laboratory 
to  elucidate  the  arterial  supply  and  venous  drainage. 

Practically  all  anatomical  structures  are  considered  as  they  are 
encountered  in  following  a  conducting  mechanism,  and  hence  have 
a  meaning  which  cannot  be  conveyed  by  merely  stating  that  this 
is  concerned  with  one  function  and  that  with  another,  which  is 
about  as  far  as  many  get  along  the  line  of  functional  analysis. 
Where  the  course  is  followed  by  a  thorough  review  of  the  func- 
tional systems,  the  structures  take  on  real  meaning;  but  why  not 
give  the  student  this  added  interest  while  he  is  working  out  the 
structure?  It  is  also  believed  that  by  this  method  there  is  ob- 
tained a  better  working  knowledge  of  the  inner  architecture  of 
the  brain,  because  it  is  necessary  to  go  up  and  down  the  brain 
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stem  several  times,  each  time  following  a  particular  conducting 
chain  of  neurones.  The  method  also  automatically  eliminates 
from  the  course  unnecessary  details. 

Each  laboratory  period  is  preceded  by  a  lecture  which  prepares 
the  student  for  the  practical  work  to  follow.  After  the  comple- 
tion of  a  certain  phase  of  the  subject,  a  series  of  about  twenty- 
five  demonstration  preparations  are  shown,  supplementing  the 
lecture  and  accompanied  by  notes  or  a  fully  labeled  sketch  or  both 
as  the  case  may  demand.  Each  laboratory  section  is  assigned  a 
particular  hour  for  studying  these  preparations.  If  there  are 
at  least  as  many  specimens  as  there  are  students  in  a  section 
so  that  each  student  can  be  kept  busy,  a  surprisingly  large 
amoimt  of  information  is  obtained  by  the  student  in  an  hour. 

While  some  say  that  pathological  material  is  not  necessary,  a 
very  effective  means  of  stimulating  interest  and  at  the  same  time 
a  method  of  presenting  facts  that  cannot  be  seen  in  normal 
specimens  is  to  demonstrate  the  results  of  known  pathological  or 
experimental  lesions.  Series  of  Marchi  and  Weigert  preparations 
of  degenerated  tracts  arranged  in  proper  sequence  showing  the 
position  and  extent  of  the  most  important  fasciculi  through  the 
brain  stem  and  spinal  cord  are  almost  necessary  to  convince  some 
students  that  the  specific  conducting  bundles  that  are  mentioned 
actually  exist.  Experimental  and  pathological  material  stained 
by  the  Marchi  method  is  especially  valuable  at  the  beginning  of 
the  course  to  show  how  it  is  possible  to  follow  a  tract  a  long  dis- 
tance even  when  greatly  mixed  with  other  fibers.  In  demonstra- 
ting a  long  tract,  the  cross-sections  of  various  levels  should  be 
arranged  in  proper  order  and  the  students  made  to  go 
from  microscope  to  microscope  in  the  direction  of  nerve  conduc- 
tion. And  certainly  the  significance  of  the  architecture  of  the 
normal  nervous  system  can  be  emphasized  in  no  better  way  before 
medical  students  than  incidentally  to  call  attention  at  the  ap- 
propriate time  to  such  things  as  syringomyelia  and  disassociated 
sensibility;  degeneration  of  the  dorsal  fimiculi  and  ataxia; 
equilibratory  disturbances,  nystagmus,  etc.,  in  vestibular  and 
cerebellar  lesions;  types  of  blindness  resulting  from  lesions  in 
different  parts  of  the  optic  mechanism;  differences  in  motor 
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disturbances  in  lesions  at  different  levels  of  the  pyramidal  sys- 
tem, etc. 

How  the  subject-matter  can  be  arranged  according  to  the  above 
scheme  to  be  given  in  three  periods  (total  ten  hours)  per  week 
during  one  quarter  (twelve  weeks)  can  best  be  seen  from  the 
following  schedule.  This  assumes  that  it  is  not  necessary  to  du- 
plicate to  any  extent  the  embryology  or  general  histology  of 
nervous  tissue,  except  in  the  form  of  demonstrations  here  and 
there  in  the  course,  which  is  especially  the  case  where  the  neu- 
rology instructor  handles  the  neural- part  of  the  regular  courses  in 
histology  and  embryology.  We  find  it  desirable  to  have  the 
laboratory  period  on  which  the  demonstration  occurs  three  hours 
in  length  so  as  to  leave  two  hours  for  regular  laboratory  work. 
On  this  period  one  laboratory  section  at  a  time  is  taken  by  the 
instructor  into  the  demonstration  room  for  one  hour  and  then 
returned  to  the  regular  laboratory  to  allow  the  next  section  to 
come  to  the  demonstration. 

It  is,  of  course,  not  practicable  to  have  the  lectures  and  labor- 
atory work  run  exactly  parallel  throughout,  since  the  time  that 
can  profitably  be  spent  in  lectures  does  not  vary  from  subject  to 
subject  directly  with  the  time  necessary  to  cover  the  practical  side. 
Thus  the  first  time  a  long  conducting  system  is  followed  through 
the  brain  stem,  sufficient  time  must  be  allowed  to  get  some  of  the 
prominent  land-marks  and  make  a  limited  number  of  outline 
sketches  illustrating  typical  levels.  Structures  not  directly  in- 
volved in  the  system  followed  need  not  be  sketched  in  detail  nor 
at  all  if  not  readily  recognized  for  the  time  being.  Like  the  method 
advocated  by  Doctor  Lineback  for  embryology  and  used  by 
Doctor  Herrick  in  neurology,  details  are  added  to  these  drawings 
as  subsequent  systems  are  considered.  If  the  particular  slides 
to  be  outlined  are  carefully  selected  for  the  student,  seven  sketches 
will  usually  suffice  to  show  all  the  essential  internal  structures  of 
medulla  oblongata,  pons,  midbrain,  and  diencephalon,  including 
the  nuclei  and  root  fibers  of  the  cranial  nerves.  For  convenience 
these  seven  levels  above  the  spinal  cord  are  numbered  from  1  to 
7,  from  below  upwards.  Each  student's  loan  collection  contains 
many  intermediate  levels  (from  24  to  50),  which  he  is  expected  to 
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study.  All  the  structures  belonging  primarily  to  a  given  system 
may  be  indicated,  as  is  frequently  done,  by  the  use  of  a  particular 
color. 

The  total  number  of  sketches  of  microscopical  preparations 
and  of  dissections  required  is  twenty-eight.  Copies  of  several 
charts  are  also  called  for.  Naturally  these  must  be  made  as  sim- 
ple as  possible,  for  time  does  not  permit  the  making  of  what  some 
would  call  presentable  drawings,  and  yet,  as  most  agree,  some  sort 
of  record  seems  desirable.  There  is,  of  course,  no  time  for  making 
microscopical  preparations  which  students  may  claim  as  their  own. 
Those  who  agree  with  Doctor  Wells  that  students  should  come  to 
pathology  with  a  personal  collection  of  normal  preparations  will 
have  to  show  where  more  time  is  available  for  microscopic  anat- 
omy, since  it  is  frequently  a  question  of  utilizing  the  available 
time  in  either  making  slides  or  in  studying  them.  The  statement 
that  the  loan  collection  is  merely  an  easy  way  of  getting  around 
difficulties  is  imjustified  in  most  cases,  if  not  in  all. 

Two  preliminary  written  examinations  of  one  hour  each  are 
given  during  the  course— one  in  the  fourth  week  and  another  in  the 
eighth  week— sometimes  in  the  lecture  period  and  other  times 
during  a  laboratory  period,  depending  upon  where  the  time  can 
best  be  spared.  Several  short  practical  quizzes  are  given  at  ir- 
regular intervals.  The  final  test  consists  of  a  two-hour  written 
and  a  one-hour  practical  examination. 
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Quarterly  achedtUe 


10 


LBCTUBE  (1  BOUB) 


Meninges  and  meningeal  spaces 
Gross 
Microscopic 

Neurological  methods , 
General  morphological 
Methods  involving'^^nerve  de- 
generation 

Special  histological 

(Cajal,   Golgi,   etc.) 
Physiological 
Pharmacological 

Pain,    touch,    and    temperature 
system  commenced 
TactOe  corpuscles 

Peripheral  nerves  and  ganglia 
involved  and  their  structure 


Spinal  cord 
Microscopic  structure 
Reflex  possibilities 

Conduction  in  spinal  cord  of 
pain,  touch,  temperature 

Spinal  V.  tract  and  its  relation 
to  Nn.  v.,  IX.,  X. 

Spinal  and  trigeminal  lemnisci 

to  the  thalamus 
Internal    capsule    and 
Cortical  areas  related  to  pain, 

touch,  temperature 

Deep  sensibilities  (muscle  sense, 
etc.)  system  commenced 
Muscle  and  tendon  spindles 
Peripheral  nerves  involved 

Course  within  spinal  cord 
Dorsal  funiculi 
Spinocerebellar  tracts 


LABORATORT'aNO  DEM ON9TBATION  (2  OB  3  HOUBS) 


Meninges,  gross  and  microscopic 
Dem.  1 — ^Meninges.    Cytology  of  nerve 
cells,  nerve  fibers,  and  neuroglia 

External  features  of  spinal  cord  and 
rhombencephalon  (omitting,  tem- 
porarily, details  on  cerebellar  lobes 
and  fissures) 

External  anatomy  of  mesencephalon 
and  diencephalon 

Dem.  2 — ^Degeneration  and  regenera- 
tion of  nerve  fibers 

External  topography  of  the  telenceph- 
alon 


Spinal  gang.,  microscopic  structure 
Begin  microscopic  structure  of  the  spi- 
nal cord 

Spinal  cord,  microscopic  structure 
Dem.  3 — Sensory  nerve  endings,  spinal 
ganglia,  spinal  cord 

Lower   medulla    oblongata    (level    1) 
Microscopic  structure    with  special 
reference  to  spinal  lemniscus,  spinal 
V.  tract  and  its  nucleus 

Upper  medulla  oblongata  (level  2)  and 

Lower  pons  (level  3) 
Microscopic  structure,  special  refer- 
ence to  pain,  touch,    temperature 
conducting  system 

Pons  at  entrance  of  N.  V.    (level    4) 
Lower  midbrain  (level  5) 
Microscopic  structure  with    special 
reference  to  pain,  touch,  etc. 

Upper  midbrain  level  (6) 
Microscopic,  special  reference  to  spi- 
nal and  trigeminal  lemnisci 
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Quarterly  schedule — Continued 


PBBIOD 

LaCTUBB  (1  HOUB) 

LABOBATOBT  AND  DEllONnTBATION  (2  OB  3  HOOBS) 

11 

Cerebellum 

Diencephalon    (level    7),     gross    and 

Gross  structure 

microscopic  series.  Special  reference  to 

Localization  of  function 

spinal  and  trigeminal  lemnisci,  lateral 

Microscopic  structure 

nucleus  of  thalamus,  internal  capsule 

Components  of  peduncles 

12 

Brachium  conjunctivum 

Review  brain-stem  series,  noting  and 

Medial  lemniscus 

inserting  on  sketches  the  structures  of 

Lateral  nucleus  of  thalamus 

deep  sensibility 

Cortical  areas  related  to  deep. 

Dem.  4^Marchi  and  special  slides  on 

sensibOity  system 

tracts  of  deep  sensibility 

13 

Vestibular  (equilibratory)  ^stem 

Cerebellum.   Review   gross     structure 

Inner  ear,  general  structure 

Dissection  of  peduncles 

Vestibular  part  in  detail 

Microscopic  structuro 

14 

Vestibular  nerve  and  nuclei 

Vestibular  structures  followed  in  brain- 

Vestibular tracts    in  the 

stem  series  and  inserted  in,  sketches 

brain-stem,    spinal    cord, 

of  the  proper  levels  already  outlined 

and  to  the  cerebellum 

15 

"Auditory  system 

Cochlea,  microscopic  structure 

Ear,  microscopic  structure  of 

Dem.  6— Special  slides  on  cerebellum 

external  and  middle    ear, 

and  ear.   Models  of  ear.  Marchi  series 

cochlea 

on  vestibulospinal  fasciculus 

16 

Cochlear  nerve  and  nuclei 

Tracts  and  nuclei  of  auditory  system 

Lateral  lemniscus 

followed  in  brain-stem  series    and 

Cortical  connections 

inserted  on  outlines  of  proper  levels 

Reflex  possibilities 

already  made 

17 

Visual  system 

Eyeball 

Eyeball 

Dissection  of  beef  eye 

Gross  structure 

Microscopic  structure,  excluding  the 

Microscopic  structure 

retina 

18 

Retina  in  detail 

Retina  and  optic  nerve,  microscopic 
Dem.  5— Models  and  special  slides  on 
the  eye  and  optic  nerve 

10 

Optic  nerve  and  chiasm 

Optic  tract  and  connections 

Study  gross  and  microscopic  material 

Visual  cortex 

on  upper  midbrain  and  metathalamus 

Reflex  connections 

and  insert  on  sketch  of  level  6 
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Quarterly  scJiedule — Continued 


PBXUOD 

LECTURB  (1  hour) 

LABORATORY  AND  DEMONSTRATION  (2  OR  3  HOURS) 

20 

General  visceral  afferent  system 

Review  brain-stem  series  for  Nn.  VII., 

End  organs,  peripheral  nerves 

IX.  and  X,  and 

Pathways  in  cord  and  brain 

Solitary  fasciculus  and  nucleus  and 

Gustatory  system 

insert  on  sketches 

Taste  buds 

Dissection  of  solitary  fasciculus 

Peripheral  nerves  involved 

Taste  buds 

Central  connections 

Microscopic  structure 

21 

Cerebral  hemispheres 

Study  gross  divisions  of  cerebral  hemi- 

Weight with  age,  sex,  etc. 

spheres  on  brains  being  dissected  and 

Significance  of  fissures 

on  gross  series 

22 

Cerebral  localization 

Review  cerebral  topography 

23 

Histology  of  cerebral  cortex 

Histology  of  cerebral  cortex 

24 

Association,  commissural  and 

Histology  of  cerebral  cortex 

projection  fibers 

Dem.  7— Histology  of  cerebral  cortex 

25 

Somatic  motor  system 

Dissection  of  association  bundles,  len- 

Motor cortex 

ticular  nucleus,  internal  capsule  pyr- 

Pyramidal system 

amidal  fibers 

26 

Cortico-pontile  system 

In  gross  brain  series  study  form  and  re- 

Extrapyramidal system 

lations  of  internal  capsule  and  corpus 

Corpus  striatum 

striatum 

27 

Lower  motor  neurones 

Study   somatic    motor    structures    in 

Cranial  nerves 

brain-stem  series  and  spinal  cord 

Spinal  nerves 

Dem.  8— Histology  of  corpus  striatum 

Variations  and  double  innerva- 

and subthalamic  region.     Marchi  se- 

tion in  muscles 

ries   on    pyramidal  and   rubrospinal 

Motor  end  plates 

tracts.    Motor  end  plates 

28 

Special  visceromotor  system 

Study    brain-stem    series    on   visceral 

Visceral  striated  muscles 

effective  nuclei  and  nerves 

General  visceral  efferent  system 

Complete  brain-stem  sketches 

Sympathetic  ganglia 

Histology  of  sympathetic  ganglia 

29 

Craniosacral  division  (auto- 

Copy  charts   on   craniosacral   outflow 

nomic,  parasympathetic) 

showing  course  of  preganglionic  and 

Relation     to     prevertebral 

postganglionic  fibers  to  particular  vis- 

and terminal  ganglia 

cera 
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Quarterly  schedule — Concluded 


30 


31 


32 


33 


LECTURE  (1  hour) 


LABORATORY  AND  DEMONSTRATION  (2  OR  3  HOURS) 


Thoracicolumbar     division 
(sympathetic  proper) 
Special  relation    to   sympa- 
thetic trunk  and  vertebral 
ganglia 

Olfactory  system 
Olfactory    membrane,    nerves, 
bulb,  tract,  central  con- 
nections 

Ventricles  of  the  brain 
Topography,  significance 
Ependyma,  chorioid  plexus 
Cerebrospinal  fluid 

Arterial  supply  and  venous  drain- 
age of  the  brain 


Copy  chart  on  thoracicolumbar  division 
Dem.  9 — Special  slides  and  dissections 

on  sympathetic  ganglia,  nerves,  rami 

communicantes 


Histology  of  olfactory  membrane,  and 

olfactory  bulb 
Dissection  of  rhinencephalon 


Dissection  of  brain  completed 
Topography  of  the  ventricles 
Chorioid  plexus 
Caudate  nucleus 

Blood  supply  of  the  brain  and  cord 
Dem.  10 — Special  preparations  on   ol- 
factory  system,  ependyma,  chorioid 
plexus  and  ventricles 


SUMMARIZING  SCHEMES 

In  addition  to  large  charts  and  models  showing  the  position 
and  relations  of  the  structures  by  functional  systems,  schemes 
such  as  are  shown  below  have  been  received  with  sufficient  en- 
thusiasm by  our  students  to  suggest  that  others  might  find  them 
useful.  They  are  necessarily  too  dogmatic  and  must  be  inter- 
preted Uberally  in  places  where  uncertainty  still  exists.  Such 
points  are,  of  course,  covered  in  the  lectures. 

The  general  idea  underlying  the  arrangement  has  been  to 
make  a  compact  and  suggestive  summary  of  each  functional  sys- 
tem. In  many  cases  there  has  been  sufficient  space  to  put  co- 
ordinate structures  in  about  the  same  plane.  The  items  have 
been  so  spaced  and  abbreviated  that  each  system  can  be  type- 
written on  an  ordinary-sized  stencil  (size8|  inches  x  11  inches). 
All  lines  may  be  put  in  by  hand  or  the  vertical  ones  may  be  made 
by  machine.  The  arrow-heads  are  stenciled  in  with  a  stylus 
shaped  like  a  small  sharp  screwdriver. 
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It  may  be  objected  that  such  tabulations  will  be  used  as  short- 
cuts and  memorized  at  the  expense  of  a  clear  idea  of  the  position 
and  relations  within  the  nervous  system.  Students  should  be 
cautioned  about  this  and  required  to  pass  practical  examina- 
tions. On  the  other  hand,  it  is  a  method  of  organizing  numerous 
details  into  important  units  in  such  a  fashion  that  it  is  a  distinct 
aid  to  many  students. 
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#-<ynap8e 
♦-Cell  body 

Superficial 
sensory  endings 
oyer  most  of 
body,  spinal 
meninges 


PAIN  -  TOUCH  *  TEMPERATURE 


Per. 
■P 


I 

I 

rami 
nerves 

I 

I 


of 


♦Dorsal  root 
gang*  (small 
cells  largely) 

I 

I 

Dorsal  roots 

I 
I 

Dorso-uat*  faso* 
(Lis saner ^largely 

fSubstantia 

♦gelatinosa 

Roland  i^x 

toueh 
remains 
direct  a 
oonsiderablo 


Sensory 
endings  in 
skin  *   mucous 
membrane  of 
face,  mouth, 
etc*  y  meninges 
I 

Peripheral  rami 
portiO|major  7 


♦Semilunar 
ganglion 

I 

Sensory  root  of 
trigemiz^us 


Sensory 

endings 

post.  1/3 

of  tongue 


Lingual  branch 
of  IZ  nerye 


I 
♦Superior  gang. 


Sensory  root 
of  IZ 
I 

I 

^Spinal  V 


Sensory  endings 

back  of  auricle, 

lower  and  post* 

ext.aud*  meatus, 

meninges 

I 
I 

Auricular  and 

meningeal  rami 

Z  nf rve 


I 

"jUgttlf 


ar  gang* 


Sensory  root  of 
-^'    Z 


Loi< 


t^Ct 


ir Sensory  nucleus  of  7  cranial  nerve 


distance 


Jain 

ten^erature 
crosses 
rabidly 


and  nucleus  of  spinal 
(upward  continuation  of 

I 

I 

Central  trigem. 
tract  same        . 
side,  etc.      Med* 


7  tract 
subst.gelat*) 


I 

some 
fibers 
apparently 
remain 
direct 
at  least 
for  some 
distance 
above  the 
spinal  cord 


sloWly^ 

▼eirfcral 
spino  "thalamic 
fasciculus  of  ^ 
opposite  sidd'v 


lem. 
opposite 
side  (?) 


Lateral 
spino  -thalamic 
fasciculus  of 
opposite  side 


Central 

(secondary) 

trigeminal 

tract  of 

opposite 

side 

(trigeminal 

lesniscuB) 

#Late&l  nucleus  of  thalamus 

Internal  capsule 

Corona  radiata 

Posterior  central  and  nei^boring  gyri  of  cerebral  cortex 


I 
I 

Spinal  iJWiscus 
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D£3P  SSRSIBUITY  (Uusole  Sense,  Vibratory  Sense,  eto*.  Sense  of 
Position  of  Members  of  the  Body  and  of  Passive  Uoyemsnt)  * 
SPATIAL  DISCRIUIHAIIOH  (Svo-polnt;  Size,  Shaps  and  Tszture  of 
Surfaoes;  Stereognosis ) 


#"5ynapse - 
*«=Cell  Body 


Sensory  endings  in  nmsoles,  tendons,  ligaiiients.  Joints, eto« 
Peripheral  rami  of_ 

Spinal  nerV*B     III!.     17.     \l*    *XII. 

oraflal  eranial  oranial  oranlal 


♦Dorsal  *l5angl  la 
(large  oells) 

.1 


? 


^▼•liotor  portion 
(H^stieator) 

SenHnnar 
♦ganglion 


Dorsal  Troot 8 

Dorsal  "^fnnioulua     igraoi  lis -Coll, 

•  \     ^^Quneatus-Bnrdaoh) 

i  V  "'•^^ 

#Dorsal  hoxn         \  '^#Huolsna  grftoilis 

♦(nuo.dorfalls?)    \a  *        and  ouneatus 

/  \             *^  •              ' 

/  ^.          flXers  i 

Tent.splno-  Dor.sp.-  n  Dor.ext. 

oereh.  f aso.  oereb.  fas.  \  are.  fibers 

(Gowfrs)  (Fleohsig)    \  I 


I 

I 
I 
I  I 

liesenosplialie  root 

i    \ 

*Hue.  ''■es. 
root 


Braobt  oon  Juno  • 
(siip«eereb.ped.  ) 
same  side 


Oorp. restif  orme 

(inf. oereb. ped. ) 

,«ame  aids 


#CerebelJar  oortex 
♦(espeoially  ▼ermls) 

#Dentate  nucleus 
I 

Braohlum  oonjToiotiTum 


Deous.  braoh.  conj. 

; 

#Huoleus  ruber ^\ 
♦opposite^  side   '^^ 


Ihtemal 
arouats 
flbers^^ 

I  N 

I 

I 
I 

Deous. 
med.lem. 


Spino*oliT. 
faso. 


InfJsllTsf 

InterollT*  fibers 

ofivs- 
oerebellar 

fibers 


Medial 
lemnisous 


Rubro-tplnal 

fasolpulua 

I 
I 

Lover 
motor 
oenters 


^Lateral  nucleus  of  thalamus 
*    (of  opposite  side) 

i 

Internal  capsule 
Corona  radiate 

I 

Posterior  central  gyrus,  etc. 


Crossed 

(ventral ) 

external 

arcuate 

fi\)ers 

I 

Corpus  restlfoma 
(opposite  slds) 
I 

^Cerebellum 
♦   etc. 
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t5S 


111  body 


TB3TIBUIAR  OR  WJTUBBktOSI  StSf 


Smsorj  eplthellnm  of  ampallae  (crista  a^pollaris), 
of  saooul^  (naotaa  aoustloa  aaoouli)  taA   of 
ntrlouloa  (maoula  aoustloa  utriouli) 

I 
I 

^Oengllon  TeatiboliTro  (Scarpa's). 

i 

Toatibitlar  nerro 


a  f ^ 


(Superior  or 
(     Bcohterew*8 


^OMSt 


Bbelliim  (nucleus  tsbtl  orfr^' 
fasti gll,  mostly  of  opposite 
side,  cortex  and  nucleus  ^v^ 
dsatatuB  of  same  side)  ^^ 

Braehiuffl  ocpjunotlTum 

Beoussatlon  of  Braohlum 


ifTestibular  nuclei  (Lateral  or 
-.;-''     /    "^^  (    3>elter«s 

'>  /  N  (Itodlal  or 


I 

I 
I 
I 
I 

I 
I 
I 

tiMlafflus 

I 
I 
I 

I 


oonjunetlTum 

I 

luolevb  ruber 
of  opposite 
side 

I 

I 

HubroT.^ 
spinal  "' 
fasoiotilus 


7e s t Ibulo *sp inal 
fasciculus  of 
both  sides 
(includes  fastiglo- 


spinal  faso* ) 


(Medial  or 
^^      (  Sohwalbe«s 
X    (Inferior  or 
^v^  (  Spinal 

Medial  longitudinal 
fasciculus  of  both 
sides   \ 

/     \v 


.^♦Motor 


Hi^&  centers » 
Osrtex,  etc*  (?) 


cells 
of  lower 
centers 

I 
I 
I 

I 

Muscles 


/        *Huolei  of 
doWn        cranial 
/  nerres, 

^  especially 

III,  vr.  11 
I 

eto* 


Digitized  by  VjOOQ IC 


NEURO-ANATOMY  FOR  MEDICAL  STUDENTS 


137 


«H)«U  bod/ 


AUDISQSX  STSSai 


Hair  e«lla  In  orgum  of  Corti  (or^iaoa  aplralo) 


*9o'f 


^Qaagllon'l'apiralo 

I 
I 

Coohleaj^  norro 

I 
I 


roal  and  Tontral  ooohloar  niuipLoi 


StrlM 

■Bdollaria 

aonftlca 


I 
I 

Suporior  ollTary'* 
xraolooa  and  othar 
nuolei  la  Baao  ragion 
(OllTary  oongplax) 
/of 


alda 


Corpua  trapasoldaiUB 

'''  i  i 

/    Olivary  oomplax  * 

/     of  o^ppoaita  aida 


)ixfaw 
fibara 

LaVaral 
lanoiaoua  of 
•aaa  fida 

UBHit  long    ato« 
faaoioulna 


Lataral  lanmiaoua 
of  oppoaita  aida 


\ 

Padonola  of  aiip*  ollra 


InoJLaua  of  lataral  laoniaooa' 


.t 


Vnolana  of 


luol^ana  of 


i'  i  * 

lladial  ganioulata  body 


infarior  oollioulua  * 


t  ^* 

loraal  portion  of  intamal  oapanla      9aoto*«Binal  faaoioulaa 


Snparior  tanporal  gjrua 
(Auditory  aanaory  araa) 


Loaar  aotor  oantara 
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*-C«ll  Body. 


TISUAL  SYSBSU 


Retina 

I 
i 

Optic^Herve 
Opt}o^ChlaB& 


VroB  f oTea  and  lateral 
(temporal)  jatlna 


Homolateral  optio  traot^ 


<  it'"' 

*Lat«  genioulate 


•Pul^i 


Pnlfinar 


Internal  eapoale^ 
(dorsal  portion) 


Optle  radiations 

I 

Tlanal  oortez 
(oaloarlne  fissure) 


Pr^n  fores  end  medial 
(nasal  )^  retina 

Oontralalr^  optle  traot,  ete. 

""""■^'Sjiperlor  oollloolus 

^^   '        i 
^^    Dorsal 
Medial  ^^     teg^ntal 
deoussatloa 

I 


longitudinal 

fasolonlns 

(te^  sides) 


*D^psr  thoraoio 
^^Intermedlo* 
^--^   lateral  oells 


Veoto^plnal 
^fasolonlus 
^  -^  "  (mostly  Grossed  ) 


Tent,  root  I -I  II  f.  op.  nerros 
I 

I 

Dilte  raans  oonmunloons 
Sy^patlistls  %nink 
Lower  oerr.  igangllon 
Middle  eerr.j  ganglion 

*       ; 

*8nper.  oerr,.  syaipatli.  gsng. 

internal  os^^tld  plexus 

Soallimar  giSigllon  (!•▼•) 

Opiithalmlo  toanoh  of  !•▼• 
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CHANGES  IN  THE  MAMMARY  GLAND  OF  THE 

ALBINO  RAT  (MUS  NORVEGICUS  ALBINUS) 

DURING  THE  SECOND  HALF  OF 

PREGNANCY* 

•  FRANK   L.    ROBERTS 

The  primary  purpose  of  the  present  study  is  to  determine  the 
changes  which  occur  in  the  mammary  gland  of  the  albino  rat  during 
pregnancy,  and  thereby  to  establish  for  this  animal  a  norm  which 
would  serve  as  a  basis  for  experimental  work.  The  subject  is  old, 
and  much  has  been  written  concerning  it.  But  a  survey  of  the 
literature  will  show  that  there  has  been  very  little  detailed  work  on 
the  gland  during  pregnancy  on  any  one  animal  form,  with  the  exception 
of  Schil's  work  on  the  rabbit.  Hence  it  was  thought  desirable  to 
investigate  the  subject  in  the  rat,  supplementing  the  researches  of 
Myers,  who  had  worked  out  the  earlier  stages  of  the  development 
of  the  mammary  gland  in  this  animal. 

The  material  comprises  the  glands  of  eleven  pregnant  albino  rats 
(Mus  norvegicus  (dhinus)y  primiparae,  and  two  virgin  cats;  all  from 
the  colony  in  the  Institute  of  Anatomy.  The  material  represents 
stages  from  the  thirteenth  day  of  pregnancy  to  within  a  few  hours  of 
delivery  and  includes  the  following  six  stages:  thirteen  days;  sixteen 
days  and  twelve  hours;  eighteen  days  and  twelve  hours;  nineteen  days; 
twenty  days;  and  twenty  days  and  nine  hours.  Material  for  the  earlier 
stages  of  pregnancy  was  not  available. 

The  technic  of  removal  and  preparation  of  the  glands  has  been 
described  by  Myers ^^  which  briefly  is  as  follows:  The  animals  were 
killed  with  ether;  the  skin  with  all  the  mammary  glands  was  removed 
immediately  and  pinned  out  on  a  sheet  of  cork,  hairy  surface  down, 
and  placed  in  Zenker's  fluid. 

Cleared  preparations  were  made  in  the  manner  described  by 
Myers^^  which  is  essentially  the  method  Lane-Claypon  and  Starling 

*  Abridgment  of  unpublished  thesis  submitted  to  the  Faculty  of  the  Graduate 
School  of  the  University  of  Minnesota  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Master  of  Arts,  1919. 
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used  in  work  on  the  rabbit.  These  preparations  were  mounted  in 
x>'lol-gum-damar  in  shallow  glass  cells. 

In  preparing  material  for  microscopic  sections,  portions  of  the 
fixed  gland  were  removed  carefully  and  imbedded  in  hard  paraffin. 
In  sectioning  the  nipples  it  was  found  almost  impossible  to  cut  the 
tough  skin  when  it  was  imbedded  in  ordinary  paraffin.  Therefore 
Johnston's  asphalt  method  (Guyer),  as  modified,  I  believe,  by  Dr. 
J.  T.  Patterson,  was  employed.  Crude  rubber  was  cut  into  very  fine 
bits  with  a  pair  of  sharp  curved  scissors.  About  three  teaspoonfuls 
of  this  finely  divided  rubber  were  put  into  a  pint  of  paraffin,  melting 
point  65°C.  The  mixture  was  left  in  the  oven  for  three  days  and 
frequently  stirred,  and  by  the  end  of  three  days  most  of  the  rubber 
had  passed  into  solution;  it  was  then  removed  from  the  oven  and  cooled. 
A  part  was  melted  only  when  needed  for  imbedding,  since  it  was  soon 
ascertained  that  if  the  mixture  is  kept  melted  for  much  more  than 
three  days,  the  rubber  tends  to  precipitate.  This  treatment  toughens 
the  paraffin  to  such  a  degree  that  the  skin  imbedded  in  it  can  easily 
be  cut. 

Sections  of  the  mammary  gland  and  nipple  were  cut  at  3,  4,  5, 
7  and  10  microns  in  thickness.  Some  sections  were  stained  with 
Mallory's  connective  tissue  stain;  some  with  Weigert's  iron  hsema- 
toxylin,  counter-stained  with  Van  Gieson's  stain;  and  some  with  a 
1  per  cent  aqueous  Solution  of  cresyl  violet.  Another  series  were 
stained  with  Unna's  orcein  for  elastic  tissue.  A  few  fresh  frozen 
sections  were  stained  with  osmic  acid  and  Sudan  III,  in  order  to  show 
the  distribution  of  fat. 

The  Sudan  III  stain  deserves  particular  mention  because  of  the 
beautiful  results  obtained  and  because  of  some  of  the  difficulties 
encountered  in  using  it.  Paraffin  sections  were  passed  in  the  usual 
way  from  xylol  to  water,  and  from  water  were  placed  in  the  stain  for 
twenty  minutes.  From  the  stain  the  sections,  after  rinsing  well  in 
water,  were  plunged  directly  into  95  per  cent  alcohol  for  a  few  seconds; 
then  for  the  same  length  of  time  into  absolute  alcohol;  then  into  a 
mixture  of  absolute  and  xylol  a  few.  seconds;  and  finally  into  xylol  for 
three  minutes.     They  were  finally  mounted  in  toluol-gum-damar. 

The  reason  for  the  short  treatment  with  the  alcohol  and  xylol 
is  because  it  was  observed  that  for  some  reason  the  alcohols  and 
xylol  quickly  decolorize  the  sections  to  such  a  degree  that  there  is 
no  longer  any  differentiation  of  the  tissue  elements. 
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Cresyl  violet,  as  is  well  known,  gives  a  most  excellent  differen- 
tiation to  the  mast  cells,  sharply  marks  off  the  glandular  from  the 
connective  tissue,  and  gives  very  good  cytological  details. 

In  studying  the  increase  in  the  size  of  the  nuclei,  cells,  and  alveoli, 
a  Leitz  ocular  micrometer  was  used  with  a  Spencer's  mechanical 
stage.  The  nuclei  measured  were  those  which  showed  most  clearly 
the  nucleolus.  The  alveoli  measured  were  those  in  which  the  lumen 
was  most  clearly  outlined  and  nearly  circular.  The  entire  alveolus 
was  measured  from  the  base  of  one  cell  to  the  base  of  the  opposite 
cell.  The  lumina  were  measured  in  their  transverse  diameters,  and 
the  epithelial  cells  were  measured  along  the  diameter  perpendicular 
to  the  circumference  of  the  alveolus.  There  was  no  attempt  at 
extremely  accurate  measurements  as  the  only  thing  desired  was  to 
determine  roughly  the  change  in  the  size  of  the  alveoli  and  tells  from 
the  thirteenth  to  the  twentieth  day. 

A  few  measurements  were  taken  by  calipers  on  the  nipples  of  the 
pregnant  animals  and  served  merely  to  confirm  what  could  easily 
be  seen  with  the  naked  eye,  namely,  that  there  is  a  marked  increase 
in  the  size  of  the  nipple  during  pregnancy. 

GROSS  CHANGES  IN  THE  MAMMARY  GLAND  DURING  PREGNANCY 

The  only  gross  change  that  can  be  observed  externally  in  the 
gland  of  the  living  animal  during  pregnancy  is  the  increase  in  the 
size  of  the  nipples.  If  a  pregnant  rat  is  suspended  by  the  head  or 
tail  the  nipples  are  seen  to  be  very  prominent.  Part  of  this  promi- 
nence is  due  of  course  to  the  stretching  of  the  abdominal  skin,  but 
by  far  the  most  of  it  is  due  to  an  actual  increase  in  the  size  of  the 
nipples.  This  increase  in  size  is  apparent  to  the  naked  eye  and  was 
easily  verified  by  a  few  rough  measurements  with  the  calipers  on  virgin 
and  pregnant  animals. 

The  increase  in  the  length  of  the  nipple  during  pregnancy  is 
associated  with  the  complete  degeneration  of  the  'epithelial  hood* 
which  surrounds,  at  least  in  part,  the  virgin  nipple.  Myers**  has 
described  a  partial  degeneration  of  this  hood  at  the  time  of  puberty, 
but  in  virgin  rats  even  four  months  old  this  hood  has  not  entirely  dis- 
appeared and  is  only  partly  degenerated  on  one  side.  During  preg- 
nancy, however,  the  degeneration  is  completed.  At  the  end  of 
pregnancy  there  is  not  a  remnant  of  this  hood  left,  except  some  necrotic 
debris  in  the  groove  which  has  taken  its  place  (Fig.  98) . 
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The  nipple,  accordingly,  in  pregnant  and  lactating  rats  may  easily 
be  drawn  out  to  nearly  double  its  apparent  length.  In  fact  it  is 
drawn  out  during  the  act  of  suckling,  and  the  purpose  of  the  degene- 
ration of  the  epithelial  hood  is  doubtless  to  allow  for  this  increase  in 
the  length  of  the  nipple  for  the  accommodation  of  the  young. 


Fig.  98. — Drawing  of  nipple.  Rat  sixteen  days  and  twelve  hours  pregnant.  The 
epithelial  hood  has  entirely  disappeared,  leaving  a  groove,  E.H.,  in  its  place.  This  groove 
contains  some  granular  debris,  D.  Well  developed  smooth  muscle,  S.M.,  about  the 
main  duct,  M.D.,  of  the  nipple.  The  smooth  muscle  does  not  extend  up  to  the  nipple 
pore,  N.P.  A  hair  follicle,  H.F.,  and  a  sebaceous  gland,  S.G.,  are  shown  on  the  left. 
Zenker's  fixation,  Weigert's  iron  hematoxylin  counterstajned  with  Van  Gieson's  stain; 
7  microns.  This  section  should  be  compared  with  Figure  14  in  Myers'  paper,  which  shows 
only  a  slight  degeneration  of  the  hood. 

Upon  removing  the  skin  from  the  freshly  killed  animal,  the  mam- 
mary glands  are  seen  as  whitish  masses  raised  slightly  aboye  the 
surface  of  the  rest  of  the  skin.  The  glands  are  streaked  with  numer- 
ous blood  vessels,  which  indicate  the  extremely  rich  blood  supply 
which  the  glands  have  during  gestation.  The  arrangement  of  the 
individual  glands  is  best  made  out  with  the  aid  of  the  cleared 
preparations. 

In  the  cleared  specimens  it  can  be  seen  that  there  has  been  a  tre- 
mendous increase  in  the  amount  of  the  glandular  tissue,  which, 
roughly,  forms  two  horseshoe-shaped  masses,  anterior  and  posterior, 
with  their  concavities  facing  each  other.  This  appearance  is  brought 
about  as  follows:  There  is  an  overlapping  of  the  glandular  tissue  of 
the  abdominal  and  inguinal  glands  of  the  same  side.  The  second 
inguinals  of  either  side  overlap  across  the  mid-ventral  line  of  the  body 
and  thus  the  caudal  C-shaped  mass  of  glandular  tissue  is   formed. 
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Likewise  there  is  an  overlapping  of  the  three  thoracic  glands  of  the 
same  side,  and  a  transverse  overlapping  of  the  glandular  tissue  of  the 
first  thoracic  glands  of  opposite  sides.  There  is  no  overlapping  of 
the  last  thoracic  and  abdominal  glands,  and  no  transverse  overlapping 
anywhere  except  in  the  two  regions  noted  above. 

Myers  ^^  has  called  attention  to  this  arrangement  of  the  glandular 
tissue  in  the  virgin  animal  and  the  overlapping  is  merely  emphasized 
by  the  tremendous  proliferation  of  the  glands  during  pregnancy. 

A  closer  study  of  the  cleared  preparations  shows  that  there  is  one 
main  duct  leading  to  the  nipple  pore  and  all  the  rest  of  the  ducts 
branch  off  from  this  one,  as  shown  by  Meyers  ^*,2*.  From  the 
sub-branches  of  the  secondary  ducts  the  buds  are  seen  which  in  the 
thirteen-day  stage  are  nearly  spherical  while  they  are  larger  and 
roughly  ellipsoidal  in  the  twenty-day  stage. 

These  bud-like  outgrowths  on  section  are  seen  to  consist  each  of  a 
group  of  alveoli.  Thus  each  bud  represents  a  lobule,  while  a  secon- 
dary duct  with  its  lobules  constitutes  a  lobe.  However,  it  should 
be  noted  that  the  excretory  duct  of  each  lobe  opens  into  the  main 
duct  before  the  main  duct  passes  through  the  substance  of  the 
nipple. 

Although  (as  will  be  shown  later)  practically  no  mitoses  or  amitoses 
appear  in  the  gland  during  this  period,  the  cleared  preparation  in  the 
gland  parenchyma  of  the  twenty  day  stage  showed  more  lobules  than 
that  of  the  thirteen  day  stage.  It  is  very  probable,  however,  that  this 
represents  an  individual  variation  rather  than  a  multiplication  of 
elements  in  the  second  part  of  pregnancy.  Some  individual  varia- 
tion in  the  size  and  arrangement  of  the  mammary  glands  of  the  albino 
rat  is  always  to  be  expected.  This  w^as  clearly  shown  by  Myers  --, 
who  was  working  on  rats  from  the  same  colony  from  which  the  material 
for  this  study  was  taken. 

Further  evidence  that  this  apparent  increase  in  the  number  of 
lobules  is  due  to  individual  variation  is  that  there  is  no  visible  dif- 
ference in  the  number  of  lobules  in  the  glands  of  the  thirteen  day 
stage  and  those  of  the  sixteen  day  and  the  eighteen  day  stages.  The 
cleared  preparation  of  the  nineteen  day  stage  was  lost  and  hence  was 
not  available  for  a  comparison,  but  it  is  very  improbable  that  a  multi- 
plication of  the  elements  would  not  begin  before  the  nineteenth  day 
of  pregnancy.  If  there  were  an  increase  in  the  number  of  lobules  of 
the  mammary  gland  in  the  latter  part  of  pregnancy  we  would  expect 
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to  find  some  evidence  of  the  increase  in  the  time  elapsing  from  the 
thirteenth  day  to  the  nineteenth  day  stage. 

It  might  be  objected  that  this  lack  of  difference  in  the  stages 
studied  represents  an  individual  variation  while  the  increased  numbei* 
of  lobules  represent  the  true  condition.  In  the  absence  of  evidence 
of  cell  division,  however,  I  believe  it  safe  to  conclude  from  the  material 
thus  far  studied  that  there  is  probably  no  increase  in  the  number  of 
glandular  elements  in  the  second  period  of  pregnancy,  from  the 
thirteenth  day  onward. 

CHANGES   IN   MICROSCOPIC    STRUCTURE 

1.  The  nipple, — ^Aside  from  the  increase  in  the  size  of  the  nipple 
and  the  disappearance  of  the  epithelial  hood,  the  main  difference  in 
the  structure  of  the  nipples  of  pregnant  and  virgin  animals  is  in  the 
amount  of  smooth  muscle  around  the  main  duct.  This  smooth  muscle, 
described  by  Myers  ^'  in  virgin  animals,  is  well  developed  by  the  end 
of  pregnancy.  Since  it  is  attached  externally  to  the  processes  of  the 
epithelium  which  project  into  the  corium  of  the  nipple  and  internally 
is  continuous  with  the  smooth  muscle  layer  directly  under  the  skin, 
it  is  probable  that  the  purpose  of  this  muscle  is  to  aid  the  elastic  tissue 
in  retracting  the  nipple  after  it  has  been  drawn  out 'in  the  act  of 
suckling  (Fig.  98).  It  also  may  aid  in  compressing  the  main  duct  of 
the  nipple  and  thus  facilitate  the  flow  of  milk;  but  I  believe  this  is 
rather  the  mjnor  r6le  of  this  muscle.  The  emptying  of  the  ducts 
appears  to  be  rather  a  passive  process,  and  it  seems  unnecessary  to 
assume  that  there  must  be  some  muscular  elements,  as,  for  example, 
the  myoepithelial  cells  of  La  Croix  and  others,  to  aid  in  expelling  the 
secretion. 

The  lumen  of  the  main  duct  of  the  nipple  is  enlarged  considerably 
during  pregnancy.  This  enlargement  is  purely  mechanical  and  is 
due  to  the  increase  in  the  amount  of  secretion  in  the  duct  as  pregnancy 
advances.  There  is  apparently  no  change  in  the  epithelium  of  the 
duct  from  that  in  virgin  animals,  which  was  accurately  described  by 
Myers  ^*, 

2.  General  structure, — A  low  power  view  of  a  section  of  the  thoracic 
mammary  gland  of  a  thirteen  day  pregnant  rat  gives  a  picture  which, 
excluding  the  panniculus  carnosus,  represents  in  general  the  picture 
of  any  one  of  the  mammary  glands  at  any  stage  of  pregnancy.  The 
picture  differs  from  that  of  a  section  of  a  virgin  gland  in  the  presence 
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of  lobules,  more  ducts,  more  blood  vessels,  and  more  cellular  elements 
in  the  stroma. 

A  relatively  broad  band  of  striated  muscle,  the  panniculus  carnosus, 
is  seen  running  through  the  center  of  the  section.  On  either  side 
of  this  muscle  is  arranged  the  glandular  parenchyma  in  the  form  of 
lobules  and  ducts  scattered  through  the  fatty  tissue.  Only  occas- 
ionally a  duct  opening  directly  into  a  lobule  is  seen,  an  appearance 
which  is  brought  about  by  the  arrangement  of  ducts  and  lobules. 
It  is  to  be  remembered  that  the  lobules  bud  oflF  irregularly  from  the 
duct  and  hence  in  many  places  the  duct  will  be  cut  and  not  the  lobule; 
in  other  places  the  lobule  will  be  apparently  isolated,  and  only  when 
the  section  happens  to  cut  the  narrow  stalk  connecting  the  lobule 
and  duct  will  the  true  arrangement  be  seen. 

Blood  vessels  and  nerves  are  scattered  throughout  the  sections. 
The  large  nerves  lie  in  close  proximity  to  the  muscle,  which  they 
supply.  The  ducts  and  lobules  are  surrounded  by  sheaths  of  fibrous 
connective  tissue  and  the  rest  of  the  stroma  is  mostly  adipose.  In 
fact  the  whole  picture,  excluding  the  muscle,  gives  an  impression  of 
small  islands  of  glandular  tissue  in  a  lake  of  fat  (Fig.  99). 

This  distribution  of  the  adipose  tissue  is  interesting  from  the 
point  of  view  of  the  development  of  the  mammary  gland.  Myers 
has  shown  that  in  young  albino  rats  the  fat  is  soon  laid  down  in 
certain  definite  regions  and  into  these  regional  pads  of  fat  the  mammary 
gland  pushes  its  way.  Hence  we  see  the  explanation  for  the  large 
amount  of  adipose  tissue  in  sections  of  the  pregnant  gland. 

In  discussing  the  finer  structure  of  the  gland  the  following  structures 
will  be  described  in  turn:  (3)  changes  in  the  stroma;  (4)  changes  in 
the  ducts;  and  (5)  changes  in  the  acini. 

3.  Changes  in  the  stroma. — Any  stage  from  the  thirteenth  to  the 
twentieth  day  might  be  described  with  reference  to  the  stroma  and 
the  resulting  picture  with  a  few  minor  changes  would  represent  the 
stroma  of  any  of  the  other  stages.  That  is,  the  stroma  is  the  more 
constant  element  in  the  gland,  while  the  parenchyma  is  undergoing 
radical  changes. 

Each  duct  is  surrounded  by  a  dense  sheath  of  connective  tissue, 
which  is  prolonged  around  the  lobules  which  are  drained  by  this  duct 
(Fig.  100).  From  the  lobular  sheath,  prolongations  extend  inwards 
and  surround  the  individual  alveoli.  Where  the  sheath  leaves  the 
duct  to  pass  around  the  lobule,  it  suddenly  becomes  very  much  thinner. 


Digitized  by  VjOOQ IC 


THE    MANfMARY    GLAND    OF   THE    ALBINO    RAT 


235 


an  arrangement  which  is  easily  understood  if  we  refer  to  Wahl's 
description  of  the  mode  of  proliferation  of  the  ducts  and  lobules. 

Here  an  explanation  is  given  for  the  appearance  of  the  stroma  of 
the  gland  after  all  the  lobules  and  acini  are  formed.  The  first  bud 
which  pushes  out  carries  with  it  a  covering  of  fibrous  connective 
tissue  derived  from  the  sheath  of  the  parent  duct.  This  bud,  enlarging, 
keeps  pushing  ahead  of  it  the  connective  tissue  sheath,  which  as  a 
result  becomes  very  much  thinned.     Of  course  this  thinning  out  would 
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Fig.  99. 


Fig.  100. 


Fig.  99. — Drawing  (low  power)  of  a  section  of  one  of  the  abdominal  mammary 
glands  of  a  rat  eighteen  days  and  twelve  hours  pregnant.  Panniculus  carnosus  muscle 
not  shown.  BV,  blood  vessel;  AT,  adipose  tissue;  D,  duct;  DS,  duct  sheath;  L, 
lobule;  I  A,  interalveolar  connective  tissue;  A,  alveolus.  Zenker's  fixation;  Mallory's 
connective  tissue  stain;  5  microns. 

Fig.  100. — Section  through  duct  and  neighboring  acini.  Rat  fifteen  days  pregnant. 
Mast  cells  and  the  rapid  thinning  of  the  fibrous  sheath  of  the  duct  are  shown,  as  this 
sheath  passes  around  the  lobule  at  LB.  BL,  basal  layer  of  duct  epithelium ;  L,  lumen  of 
duct;  A/,  mast  cell;  M\  mast  cell  between  two  alveoli;  IL,  inner  layer  of  duct  epithelium. 
No  vacuolization  shown  at  this  stage.  LA,  lumen  of  alveolus;  AC,  vacuolated 
alveolar  cytoplasm;  CTC,  cellular  elements  of  connective  tissue.  Zenker's  fixation; 
Cresyl  \iolet  stain;  4  microns. 

not  result  if  the  growth  of  the  stroma  of  the  gland  kept  pace  with 
that  of  the  parenchyma;  but  Duclert  and  Steinhaus  have  clearly 
shown  that  the  stroma  lags  far  behind  the  parenchyma  as  regards 
growlh.  None  of  the  specimens  studied  showed  any  structure 
resembling  a  membrana  propria. 

Turning  from  the  covering  of  the  ducts  and  lobules  to  the  covering 
of  the  individual  acini,  one  sees  that  in  the  thirteen  day  stage  it  is 
relatively  loose  (Fig.  101),  being  composed  of  elastic  and  collagenous 
fibers  and  traversed  by  capillaries.  By  the  end  of  pregnancy,  however, 
the  acini  have  enlarged  to  such  an  extent  that  this  sheath  has  been 
stretched.     As  a  result  it  appears  more  dense  and  is  closely  applied 
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to  the  base  of  the  alveolar  epithelium,  giving  an  appearance  of  a 
membrana  propria. 

That  this  appearance  of  a  membrana  propria  is  a  result  of  the 
stretching  of  the  interlobular  connective  tissue  and  that  the  membrana 
propria,  as  such,  does  not  exist  in  the  mammary  gland  of  the  pregnant 
albino  rat,  is  shown  by  a  study  of  the  stages  used  for  this  work. 
Figure  101  shows  that  the  sheath  is  loose  and  only  when  the  acini  are 
distended  with  secretion  do  we  get  the  appearance  of  a  basement 
membrane  (Fig.  102).     Since  the  sheaths  of  the  ducts  are  imbedded  in 


Fig.  101.  Fig.  102. 

Fig.  101. — Alveolus  from  gland  of  rat  thirteen  days  pregnant.  Connective  tissue 
sheath,  CT,  is  relatively  loose.  Endothelial  cell  nuclei,  E,  show  no  pressure  effects. 
Mitotic  figure,  A/,  shown  in  one  of  the  cells.  Zenker's  fixation.  Weigert's  iron- 
hematoxylin,  counterstained  with  Van  Gieson's  stain ;  4  microns. 

Fig.  102. — Acini  from  gland  of  rat,  eighteen  days  and  twelve  hours  pregnant. 
I  ACT,  interalveolar  connective  tissue  is  seen  to  be  stretched  around  the  acinus, 
giving  an  appearance  of  a  membrana  propria.  A  mass  of  secretion,  S,  is  seen  in  the 
lumen  of  the  central  acinus.  Secretion  granules,  S,  are  seen  being  extruded  from 
one  of  the  acinar  cells.  A  distended  capillary,  C,  and  a  mast  cell,  3/C,  are  also  shown. 
Zenker's  fixation;  Cresyl  violet  stain;  4  microns. 

soft  adipose  tissue,  no  distention  of  the  ducts  stretches  the  sheath 
since  the  adipose  tissue  yields  to  the  pressure.  Hence  there  is  no 
appearance  of  any  structure  resembling  a  membrana  propria  around 
the  ducts. 

Besides  the  prolongations  about  the  lobules,  the  sheath  about 
the  ducts  send  out  projections  which  become  continuous  with  the 
sheaths  around  the  blood  vessels  of  this  region  and  everywhere  are 
continuous  with  the  fibrous  framework  of  the  adipose  tissue  (Fig.  99). 
Where  a  duct  lies  next  to  a  muscle,  as  in  the  thoracic  glands,  the 
sheath  around  the  duct  is  continuous  with  the  perimysium  of  the 
muscle.  In  the  region  of  the  nipple,  the  ducts  merely  pass  through 
the  subcutaneous  tissue  and  lose  the  well-defined  sheaths  which  they 
possess  deeper  in  the  gland. 

A  close  study  of  the  sheaths  around  the  ducts,  lobules,  and 
acini  reveals  many  elastic  fibers  in  these  sheaths.     Several  authors 
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have  attempted  to  point  out  a  connection  between  pregnancy  and  the 
amount  of  elastic  tissue  in  the  stroma  of  the  mammary  gland.  As 
shown  in  the  review  of  the  literature,  little  has  been  accomplished 
towards  a  solution  of  the  problem.  In  my  material  there  is  an  unfor- 
tunate arrangement  of  the  age  of  the  specimens.  With  two  exceptions 
the  further  advanced  the  pregnancy  the  older  was  the  rat.  As  a 
result  all  I  can  do  is  to  describe  the  elastic  tissue  as  I  found  it  and  to 
point  out  some  factors  suggested  by  the  findings. 

In  sections  stained  with  Unna's  orcein,  the  elastic  tissue  fibers 
are  seen  to  be  running  lengthwise  in  the  connective  tissue  sheaths 
around  the  ducts,  and  are  prolonged  in  the  form  of  a  few  fine  fibers 
around  each  lobule.  From  this  lobular  sheath  fine  fibrils  are  sent  in 
which,  in  the  latter  stages  of  pregnancy,  surround  each  alveolus. 

In  the  thirteen  day  stage,  in  most  cases  it  is  extremely  hard  to 
see  any  elastic  tissue  round  the  individual  alveoli,  but  by  the  end  of 
eighteen  days  and  twelve  hours  it  is  easily  seen  that  each  alveolus 
is  completely  surrounded  by  a  fine  network  of  elastic  tissue. 

In  the  earlier  stages  the  elastic  fibers  are  fine  and  delicate,  while  in 
the  later  stages  most  of  them  are  exceedingly  coarse.  The  sections 
show  that  in  the  specimens  used  for  this  study  there  is  apparently 
a  great  increase  in  the  amount  of  elastic  tissue  around  the  ducts  from 
the  thirteenth  to  the  twentieth  day.  This  increase  is  progressive; 
that  is,  the  fifteenth  day  stage  has  more  than  the  thirteen,  the  eighteen 
more  than  the  fifteen  day  stage,  and  so  on. 

On  the  face  of  it,  this  would  indicate  that  pregnancy  causes  a 
proliferation  of  elastic  tissue  in  the  mammary  gland,  but  as  previously 
pointed  out,  the  age  of  these  specimens,  with  two  exceptions,  is 
arranged  parallel  with  the  advance  of  pregnancy.  The  repre- 
sentative stages  are  arranged  in  the  order  that  the  amount  of  elastic 
tissue  increases  and  the  age  of  each  specimen  is  indicated : 

1.  Rat  102,  5}^  months,  13  days  pregnant 

2.  Rat  106,   6   months,  15  days  pregnant 

3.  Rat  105,  10   months,  16  days,  12  hours  pregnant 

4.  Rat  101,   33^  months,  18  days,  12  hours  pregnant 

5.  Rat  104,  10   months,  19  days  pregnant 

6.  Rat  103,  9   months,  20  days,  9  hours  pregnant 

7.  Rat  110a,  Sj^  months,  20  days  pregnant. 

Between  Rats  1  and  2  it  was  sometimes  difficult  to  determine  which 
had  the  more  elastic  tissue,  and  this  was  also  the  case  with  Rats  5  and 
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6,  but  with  Rats  1  and  4  there  was  no  question.  Rat  4  had  much  more 
elastic  tissue  than  did  Rat  1,  although  the  former  was  two  months 
younger  than  the  latter.  Rat  110a  had  much  more  elastic  tissue  than 
Rat  105,  and  very  much  more  than  a  virgin  rat  12  months  old  (Figs. 
103  and  104). 


jrW^S^. 


AT- 


Fio.  103.  Fio.  104. 

Fig.  103. — Sketch  showing  elastic  fibers,  E,  around  a  duct.  D.  A  well  defined 
elastic  sheath,  LS,  is  seen  about  the  lobule.  The  alveoli,  AL,  show  almost  n6  clastic 
tissue  around  them.  An  arteriole  is  seen  at  A.  Section  from  gland  of  a  rat  five  and 
one-half  months  old,  thirteen  days  pregnant.  Zenker's  fixation;  Unna's  orcein  stain; 
4  microns. 

Fig.  104. — Compare  this  section  with  the  section  in  Figure  103.  Here  there  are  a 
great  many  more  elastic  fibers,  E,  about  the  duct,  D.  The  lobular  sheath,  LS,  is  well 
defined  and  the  acinar  elastic  sheaths,  .45,  have  appeared.  An  alveolus  is  labeled  at  .4. 
.4  r  is  adipose  tissue.  Section  from  rat  three  and  one-half  months  old ;  eighteen  days 
and  twelve  hours  pregnant.     Zenker's  fixation;  Unna's  orcein  stain;  4  microns. 


With  regard  to  the  interalveolar  elastic  tissue,  therefore,  one 
pertinent  fact  stands  out.  The  alveoli  are  new  formations  which  ap- 
pear after  the  beginning  of  pregnancy,  and  hence  age  can  play  no 
direct  part  in  their  formation.  But  during  pregnancy,  the  further 
advanced  the  pregnancy,  the  more  prominent  do  the  interalveolar 
elastic  tissue  fibers  become.  The  picture  thus  presented  suggests 
very  strongly  that  pregnancy  stimulates  the  proliferation  of  elastic 
tissue  in  the  mammary  gland  of  the  albino  rat  (Bierich). 

The  adipose  tissue  was  very  plentiful  in  the  stroma  of  the  gland  in 
all  stages  studied,  and  its  distribution  and  significance  have  already 
been  referred  to  under  the  general  structure  of  the  gland. 

The  stroma  of  the  mammary  gland  is  very  rich  in  cellular  elements, 
many  of  which  are  of  the  wandering  type.  A  great  number  of  these 
wandering  cells  are  mast  cells,  which  are  scattered  throughout  the 
stroma,  in  the  connective  tissue  sheaths  around  the  ducts,  in  the  walls 
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of  blood  vessels,  in  the  meshes  of  the  adipose  tissue,  and  between  the 
alveoli.  It  should  be  noted  here  that  mast  cells  are  not  only  common 
in  the  mammary  gland  of  the  albino  rat  during  pregnancy  but,  accord- 
ing to  Downey,  are  present  in  large  numbers  in  this  animal  during  its 
whole  life.  They  are  found  most  plentifully  in  the  subcutaneous 
tissues,  but  are  also  found  free  in  the  peritoneal  fluid  and  in  the  lymph 
nodes. 

Many  other  wandering  cells  of  leukocytic  or  lymphocytic  type  were 
found  in  the  stroma  in  all  the  stages  studied.  In  many  cases  in  which 
these  cells  were  found  between  the  alveoli  it  was  diflicult  to  decide 
whether  they  were  inside  or  outside  the  capillaries. 

Scattered  throughout  the  stroma,  but  tending  for  the  most  part  to 
be  located  in  close  proximity  to  the  lobules  are  many  arterioles  which 
send  capillary  branches  in  to  supply  the  lobales.  These  intralobular, 
or  more  accurately,  interalveolar  capillaries  are  very  thin  walled  and 
in  most  places  are  represented  only  by  endothelial  cells.  In  the  thir- 
teen day  stage,  these  capillaries  show  no  distention  and  the  nuclei  of 
the  endothelial  cells  are  large  and  vesicular,  showing  no  evidence  of 
being  subjected  to  pressure.  In  the  sixteen  day  and  twelve  hour 
stage,  however,  these  capillaries  are  beginning  to  dilate,  and  the  en- 
dothelial nuclei  are  flatter  as  a  result  of  the  increased  pressure  from 
the  expanding  alveolus.  In  the  eighteen  day  and  twelve  hour  stage 
and  in  the  nineteen  day  stage,  the  capillaries  are  greatly  dilated.  At 
twenty  days  and  nine  hours  (a  few  hours  before  delivery),  they  are 
enormously  distended  with  red  blood  corpuscles,  and  the  endothelial 
nuclei  are  very  much  flattened. 

In  regions  where  striated  muscle  is  seeUj  large  nerve  trunks  also 
appear  lying  in  close  proximity  to  the  muscle.  They  are  probably 
destined  for  the  most  part  to  the  supply  of  these  muscles.  No  at- 
tempt was  made  in  this  investigation  to  study  the  nerve  supply  to  the 
gland  substance. 

4.  Changes  in  the  ducts, — The  epithelium  lining  the  ducts  in  the 
mammary  gland  of  the  white  rat  is  double-layered  throughout.  The 
inner  cells  are  cylindrical  or  cuboidal,  regularly  arranged,  with  their 
long  axes  perpendicular  to  the  axis  of  the  duct. 

The  cells  making  up  the  deep  or  peripheral  layer  of  the  duct  epithe- 
lium are  smaller  and  more  irregularly  arranged.  They  are  irregularly 
flattened  cuboidal  and  are  arranged  with  their  short  axis  parallel  with 
the  long  axis  of  the  inner  layer  of  cells,  that  is,  they  tend  to  encircle 
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the  duct  (Fig.  1 05) .     In  many  places  these  cells  appear  to  send  processes 
up  for  a  short  distance  between  the  cells  making  up  the  inner  layer. 

In  the  thirteen  day  stage,  the  cytoplasm  of  the  inner  layer  of  duct 
cells  is  finely  granular,  almost  homogeneous,  and  shows  no  sign  of 
secretory  activity.  This  condition  holds  true  until  the  sixteen  day 
and  twelve  hour  stage.  In  this  stage  a  few  fine  vacuoles  can  be  seen 
in  the  cytoplasm  of  the  inner  layer  of  cells.  These  vacuoles  are  not 
numerous  but  tend  to  show  that  secretory  activity  on  the  part  of  these 
cells  has  begun. 


Fig.  105. 


Fia.  106. 


Fio.  105. — Section  through  the  wall  of  a  duct  of  a  gland  of  a  rat  thirteen  days  preg- 
nant. The  basal  layer  of  cells,  BL,  are  shown  with  a  process,  P,  sent  up  between  the 
cells  of  the  inner  layer,  IL.  This  section  also  shows  a  Ijrmphocyte  (?),  L,  in  the  wall  of 
the  duct  and  surrounded  by  a  clear  space,  CS.  Another  suspected  nucleus  is  shown  at 
L'.  Zenker's  fixation;  Cresyl  violet  stain;  5  microns. 

Fia.  106. — Portion  of  the  wall  of  a  duct  and  colostrum  corpuscles  in  the  lumen 
from  the  gland  of  a  rat  nineteen  days  pregnant.  /L,  inner  layer  of  cells  showing 
secretory  activity  of  cytoplasm ;  BC,  basal  cell.  No  vacuoles  are  present  in  any  of  the 
basal  cells.  DS,  duct  sheath ;  C.  colostrum  corpuscle  with  nucleus  identical  with  those 
of  the  inner  layer  of  epithelial  cells  of  the  ducts;  C\  colostrum  corpuscle  with  double  or 
fragmented  nucleus;  AT,  colostrum  corpuscle  which  resembles  fatty  macrophage.  Note 
crescent  shaped  nucleus  and  abundant  cytoplasm.  EC,  desquamated  epithelial  cells 
still  adherent  to  each  other,  seemingly  end  to  end.  Zenker's  fixation;  Cresyl  violet 
stain;  6  microns.      X  750. 

From  sixteen  days  and  twelve  hours  up  to  within  a  few  hours  of 
delivery  the  vacuolization  of  the  cytoplasm  of  the  inner  layer  of  epi- 
thelial cells  becomes  progressively  more  and  more  pronounced  and 
at  the  end  of  pregnancy  these  cells  appear  to  be  actively  secreting 
milk  (Fig.  106). 

The  cytoplasm  of  the  peripheral  layer  of  duct  cells  is  finely  granular 
and  almost  homogeneous,  and  even  in  the  last  stages  of  pregnancy 
these  cells  show  no  sign  of  secretory  activity. 

In  the  thirteen  and  the  fifteen  day  stages,  the  nuclei  of  the  inner 
layer  of  cells  are  in  many  places  elliptical  and  in  others  roimd.     They 
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occupy  about  the  middle  of  the  cell.  They  are  for  the  most  part 
so  crowded  that  as  a  consequence  there  seems  to  be  very  little  cyto- 
plasm at  the  sides  of  the  nuclei  and  the  line  of  demarcation  between 
the  individual  cells  is  extremely  poorly  defined.  The  chromatin  is 
scattered  in  the  form  of  granules,  more  or  less  uniformly  throughout 
the  nucleus,  but  is  not  plentiful  enough  to  make  the  structure  look 
dark.  The  nuclei  are  rather  vesicular  in  appearance,  but  not  so  much 
so  as  the  nuclei  of  the  acini,  which  will  be  described  later.  The  ex- 
planation for  the  fact  that  in  some  places  the  nuclei  appear  elliptical 
and  in  other  places  round  may  be  that  most  of  them  are  actually 
ellipsoidal,  but  appear  round  only  when  cut  transversely  to  their 
long  axis.  After  secretory  activity  begins  in  the  cells  of  the  inner 
layer,  the  nuclei  of  these  cells  appear  to  be  more  rounded  and  there  is 
more  cytoplasm  between  the  individual  nuclei. 

The  nuclei  of  the  deep  layer  of  cells  are  round,  relatively  small,  and 
are  placed  in  each  case  near  the  center  of  the  cell.  ^ 

It  is  these  basal  cells  that  have  probably  been  mistaken  by  many 
authors  (Benda,  Berka^  La  Croix  and  others)  for  myoepithelial  cells. 
Their  shape  and  the  fact  that  they  send  up  small  processes  between  the 
cells  above  them  suggest  the  myoepithelial  cells  of  the  sweat  glands. 
Their  staining  reactions  and  general  appearance  however,  in  the 
ducts  of  the  mammary  gland  of  the  albino  rat,  indicate  that  they  are 
merely  a  basal  layer  of  irregularly  shaped  and  arranged  epithelial 
cells.  Some  of  the  more  common  differential  stains  (Mallory's 
connective  tissue  stain.  Van  Gieson's  stain,  and  cresyl  violet)  were 
used  on  these  preparations,  and  all  of  them  show  conclusively  that 
these  cells  are  epithelial  in  structure.  Whether  or  not  they  possess 
contractile  properties  I  am  unable  to  state,  but  as  mentioned  under 
the  discussion  on  the  smooth  muscle  in  the  nipple,  there  seems  to  be 
no  reason  for  assuming  that  these  cells  must  have  contractile  properties 
in  order  to  aid  in  emptying  the  milk  ducts. 

5.  Changes  in  the  acini. — ^The  changes  in  the  acini  will  be  discussed 
in  the  following  order:  (a)  changes  in  the  size  of  the  alveoli,  cells,  and 
lumina;  (b)  cytoplasmic  changes  including  secretion;  and  (c)  nuclear 
changes. 

The  alveoli,  in  all  stages,  are  lined  with  a  single  layer  of  columnar 
or  cuboidal  cells,  which  are  arranged  around  a  central  lumen.  The 
lumina  of  the  alveoli  increase  in  size  during  the  latter  half  of  preg- 
nancy, from  an  average  of  5.8  microns  in  the  thirteen  day  stage  to 
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17.5. microns  in  the  twenty  day  and  nine  hour  stage.  This  increase 
progresses  as  follows:  thirteen  days,  5.8  microns;  fifteen  days,  7.2 
microns;  sixteen  days  and  twelve  hours,  8.0  microns;  eighteen  days 
and  twelve  hours,  19.1  microns;  nineteen  days,  13.7  microns;  and 
twenty  days  and  nine  hours,  17.5  microns. 

While  these  changes  were  going  on  in  the  lumen  of  the  alveoli,  the 
average  diameter  of  the  alveoli  was  increasing  as  follows:  thirteen 
days,  30.8  microns;  fifteen  days,  31.0  microns;  sixteen  days  and  twelve 
hours,  32.0  microns;  eighteen  days  and  twelve  hours,  35.9  microns; 
nineteen  days,  36.8  microns;  and  twenty  days  and  nine  hours,  40.6 
microns. 

In  the  same  stages,  the  average  height  of  the  epithelial  cells  was  as 
follows:  thirteen  days,  11.1  microns;  fifteen  days,  10.7  microns;  sixteen 
days  and  twelve  hours,  9.3  microns;  eighteen  days  and  twelve  hours, 
8.5  microns;  nineteen  days,  11.7  microns;  and  twenty  days  and  nine 
hours,  12.1  microns. 

The  foregoing  figures  represent  an  average  of  twenty  measure- 
ments for  each  stage.  They  are  only  approximate,  of  course,  as  the 
relatively  few  observations  cannot  be  expected  to  give  more  than  a 
rough  index  of  the  changes  in  the  successive  stages.  However,  the 
figures  indicate  that  there  has  been  a  marked  increase  in  the  size 
of  the  lumina  of  the  alveoli,  and  that  there  has  been  an  increase  in 
the  total  diameter  of  the  alveolus,  while  the  alveolar  cells  have 
undergone  but  little  change  in  height. 

The  explanation  for  the  slight  progressive  decrease  in  the  height 
of  the  epithelial  cells  in  the  fifteen,  sixteen  and  eighteen  day  stages  is 
probably  twofold.  In  the  first  place,  the  cells  may  not  have  reached 
their  full  growth  in  width  and  hence  are  of  necessity  flattened  out 
when  the  alveolus  is  becoming  rapidly  distended.  In  the  second 
place  the  lumina  of  the  acini  in  these  stages  are  distended  to  their 
greatest  capacity  and  the  sheaths  around  them  are  stretched,  it 
appears,  to  the  limit.  At  the  same  time  the  lumina  of  the  ducts  are 
not  so  distended  in  the  next  stage;  however,  the  ducts  are  more  dis- 
tended and  the  amount  of  secretion  in  the  lumina  of  the  acini  seems 
to  have  decreased,  a  result  progably  brought  about  by  the  emptying 
of  the  secretion  out  of  the  acini  into  the  ducts,  thus  relieving  the 
pressure  on  the  alveolar  epithelial  cells.  This  might  permit  the 
increase  in  height  noted  at  nineteen  days  and  twenty  days. 
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It  might  be  asked  here  how  the  acinus  could  increase  in  size, 
the  lumina  increase  in  diameter  and  at  the  same  time  the  height  of 
the  epithelial  cells  remain  practically  constant  without  an  increase  in  the 
number  of  these  cells  ?  This  leads  us  to  the  question  of  mitoses  in  the 
gland  which  will  be  taken  up  later.  But  a  count  of  thirty  acini  in 
each  stage  showed  that  the  average  number  of  cells  around  the  lumina 
of  the  acini  is  eight, — the  extremes  in  a  single  acinus  being  six  and  ten. 

The  explanation  of  the  increase  in  the  size  of  the  acini  with  no 
increase  in  the  number  or  decrease  in  the  height  of  the  epithelial  cells, 
is  that  the  cells  enlarge,  lose  their  high  columnar  form,  widen  out, 
and  become  low  columnar  or  cuboidal.  Thus  the  acinus  can  increase 
in  size  without  an  increase  iri  the  number  of 
cells  lining  it,  and  with  no  marked  change  in 
absolute  height. 

The  increase  in  the  diameter  of  the  entire 
alveolus  is  accounted  for  by  the  increase  in 
the  size  of  the  lumen  of  the  alveolus.  The 
total  increase  from  the  thirteenth  day  to  the 

X         x'xij         1  1-  tfx       '  J-  ^^^'  107.— Acinus  from 

twentieth  day  has  been  10  microns,  and  m  the  gland  of  a  rat  thirteen 
the  same  time  the  lumen  has  increased  11.7    ^^y^  pregnant.    Many  fine 

vacuoles  in  cytoplasm  of  the 

microns.  This  discrepancy  would  probably  cells  are  shown.  The  sec- 
disappear  if  a  larger  number  of  measurements  *^S>e"eelTpSr  Z  tZ 
on  more  specimens  were  taken.  more  than  one  nucleus.    A 

^,  ^      ,  *  xi         1        1  •i.i_   1-  lymphocytic-like  nucleus  is 

The  cytoplasm  of  the  alveolar  epithelium  shown  at  L.  Zenker's  fixa- 
of  the  thirteenth  day  stage  has  a  foamy  ap-    ^^""'^  ^"^^^A^iP!^*  «*^^^'  ^ 

^  ^  microns.      X  750. 

pearance,  which  is  due  to  the  presence  of  a 

great  many  fine  vacuoles.  These  vacuoles  are  for  the  most  part  small, 
round,  discrete,  and  arranged  irregularly  throughout  the  cell.  As 
mentioned,  they  are  so  great  in  number  and  so  close  together  that 
they  give  the  cytoplasm  of  the  cell  the  appearance  of  a  fine  lacework. 
In  many  places  some  of  these  vacuoles  are  seen  to  be  confluent. 

By  the  fifteenth  day  the  vacuolization  of -the  cytoplasm  is  much 
more  pronounced  than  in  the  thirteenth  day  stage.  This  appearance 
is  due  no  doubt  to  the  enlargement  of  the  single  vacuoles  and  the 
coalescence  of  many  others.  As  yet  there  is  no  sign  of  any  secretion 
in  the  lumen  of  the  alveoli  or  ducts  (Fig.  107). 

The  cytoplasm  of  the  acinar  cells  in  the  sixteenth  day  and  twelve 
hour  stage  shows  merely  an  exaggeration  of  the  condition  in  the 
previous  stage,  that  is,  the  vacuoles  in  the  cytoplasm  are  much  larger. 
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In  many  places  one  observes  what  appears  to  be  a  ^"  decapita- 
tion" of  the  jcells,  that  is,  a  detachment  of  the  inner  portion  adjacent 
to  the  lumen.  Indeed,  as  mentioned  in  the  review  of  the  literature, 
some  authors  have  held  that  the  secretion  of  the  mammary  gland  owes 
its  origin,  for  the  most  part,  to  such  a  process. 

A  careful  study  of  these  cells  shows,  as  a  rule,  one  of  two  things. 
Either  a  portion  of  the  section  which  has  been  poorly  cut,  or  a  location 
in  which  a  secretion  droplet  is  so  large  that  it  has  ruptured  the  cell 
membrane  and  carried  before  it  the  inner  end  of  the  cell,  or,  rarely, 
even  the  nucleus. 

With  regard  to  the  first  possibility  it  should  be  emphasized  that 
unless  one  is  extremely  careful  in  all  the  steps  of  his  technic,  the 
specimen  will  show  various  distortions  and  artefacts.  In  sections 
cut  with  a  knife  that  is  slightly  dulled  one  will  often  get  sections  in 
which  the  whole  epithelial  lining  of  a  duct  is  being  displaced  en  masse, 
leaving  the  naked  connective  tissue  behind,  or  alveoli  will  be  frag- 
mented and  blood  vessels  ruptured.  This,  of  course,  would  be  an 
extreme  case,  but  much  less  distortion  might  readily  produce  appear- 
ances of  "decapitation"  in  the  lining  epithelial  cells,  a  fact  pointed  out 
by  O'Donoghue  in  the  course  of  his  work  on  the  marsupials.  In 
this  connection  it  may  be  noted  that  if  the  tissue  happens  to  be  a 
piece  of  the  gland  imbedded  while  still  attached  to  the  skin,  and  it  is 
cut  so  that  the  knife  passes  through  the  skin  before  it  passes  through 
the  gland,  there  will  be  many  artefacts  which  will  not  be  present  if 
the  knife  passes  first  through  the  softer  glandular  part  of  the  tissue. 

With  regard  to  the  second  possibility,  many  of  the  cells  contain 
secretion  droplets  larger  than  the  nucleus  of  the  corresponding  cell. 
It  would  seem  impossible  for  such  large  droplets  to  get  out  of  the  cell 
without  doing  at  least  some  damage  to  the  cell  membrane.  It  must 
be  borne  in  mind  that  here  we  are  dealing  with  a  condition  different 
from  that  which  obtains  in  certain  mucous  cells  in  which  extremely 
large  secretion  droplets  are  formed.  In  the  latter,  the  nucleus  and 
cytoplasm  are  pushed  to  the  base  of  the  cell,  and  the  cell  membrane, 
if  any,  has  a  chance  to  regain  its  integrity  before  the  cytoplasm  can 
be  extruded.  In  the  mammary  gland  cell,  however,  some  of  the 
cytoplasm  may  be  pushed  ahead  of  the  secretion  droplet  and  forced 
out  with  it.  Occasionally,  as  before  mentioned,  even  the  nucleus  is 
carried  ahead  of  the  droplet. 
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Still  another  fact  leads  me  to  believe  that  this  so-called  "decapi- 
tation" process  is  accidental  and  not  an  essential  part  of  milk  forma- 
tion, and  that  is,  the  relative  scarcity  of  such  appearances.  Indeed 
the  more  perfect  the  section,  the  fewer  of  these  decapitated  cells 
appear. 

In  other  places  in  the  sixteen  day  stage  one  sees  a  seemingly  ragged 
edge  to  some  of  the  alveolar  epithelial  cells  next  to  the  lumen,  an  ap- 
pearance which  is  probably  due  to  an  actual  secretion  being  extruded 
from  the  cell.  In  this  sixteen  day  stage,  there  is,  in  the  lumina  of  the 
ducts  and  acini,  quite  an  amount  of  secretion  which  is  homogeneous, 
lightly  staining,  and  containing  many  vacuoles,  the  result  perhaps  of 
dissolving  out  the  fat  contained  in  it. 


Fig.  108.  Fig.  109. 

Fig.  108. — Acinus  from  the  gland  of  a  rat  eighteen  days  and  twelve  hours  preg- 
nant. Cytoplasm  much  more  vacuolated  than  in  Figure  107.  S,  secretion  mass; 
ND,  nuclear  (?)  debris;  Se,  secretion  being  extruded  from  cell.  Zenker's  fixation; 
Cresyl  violet  stain;  6  microns.      X  750. 

Fig.  109. — Acinus  from  the  gland  of  a  rat  nineteen  days  pregnant.  Secretion  mass 
with  fat  vacuoles,  F,  seen  in  lumen.  This  secretion  shows  characteristic  arrangement 
of  chromatin  in  nucleus,  N,  A  well  defined  nucleolus,  Ns,  is  shown.  Zenker's  fixation. 
Cresyl  violet  stain.     6  microns.      X  750. 

I 

The  cytoplasm  of  the  acinar  epithelial  cells  is  very  much  more 
vacuolated  in  the  eighteen  day  and  12  hour  stage  than  in  any  of  the 
stages  previously  described.  There  are  many  more  of  the  vacuoles 
which  are  larger  than  the  nucleus  of  the  containing  cell  than  there 
were  in  the  preceding  stage.  There  are  also  many  more  examples  of 
secretion  granules  or  droplets  being  extruded  from  the  alveolar  cells 
(Fig.  108). 

In  the  lumina  of  the  acini,  besides  the  secretion  already  described, 
there  is  some  granular  debris  which  by  its  staining  reaction  with  cresyl 
violet  appears  to  be  of  nuclear  origin.  This  debris  perhaps  comes 
from  the  nuclei  which  have  been  pushed  out  by  the  extremely  large 
secretion  droplets  in  the  manner  described  in  the  foregoing  stage. 
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Does  this  nuclear  debris  give  rise  to  the  nucleo-proteins  of  the  milk? 
It  undoubtedly  contributes,  at  least  in  the  stages  studied,  but  as  to 
whether  or  not  it  forms  an  essential  constituent  of  the  secretion  I  am 
unable  to  state. 

By  the  nineteenth  day  the  height  of  the  secretory  activity  of  the 
alveolar  cells  seems  to  have  been  reached,  at  least  no  further  vacuo- 
lization of  the  cytoplasm  is  observed.  From  this  stage  up  to  within  a 
few  hours  of  delivery  no  changes  in  the  cytoplasmic  structure  of  the 
cells  can  be  observed.  There  is  abundant  secretion  present  in  the 
lumina  of  the  ducts  and  acini  (Fig.  109). 

The  nuclei  of  the  acinar  cells  show  no  observable  change  during 
the  period  from  the  thirteenth  day  to  within  a  few  hours  of  birth. 
These  nuclei  are  about  6.07  microns  ii^  diameter,  an  average  of  twenty 
measurements  in  each  stage.  Since  they  do  not  increase  in  size  as 
the  epithelial  cell  increases,  they  appear  relatively  smaller  in  the 
latter  stages  of  pregnancy. 

The  chromatin  of  these  nuclei  has  a  very  definite  arrangement. 
The  chromatin  masses  are  arranged  around  the  periphery  of  the 
nucleus 'and  a  well  defined  nucleolus  in  about  the  center  (Fig.  109). 
This  arrangement  of  the  chromatin  corresponds  to  that  described  by 
Szabo  in  the  epithelial  cells  of  the  active  mammary  gland  of  guinea 
pigs. 

Only  two  unquestionable  instances  of  mitosis  were  observed  in  the 
stages  studied.  Both  of  these  were  in  the  thirteen  day  stage  (Fig.  109). 
Furthermore,  no  definite  evidence  of  amitosis  could  be  obser^^^ed.  The 
absence  of  cell  division,  together  with  the  fact  that  there  is  no  increase 
in  the  number  of  cells  about  the  alveoli  in  the  stages  studied,  indicates 
that  the  gland  has  already  reached  its  maximum  growth,  so  far  as 
number  of  cells  is  concerned,  by  the  thirteenth  day  of  pregnancy. 

6.  Colostrum  formation. — ^In  studying  the  epithelium  of  the  ducts 
and  acini,  nuclei  w^hich  resembled  lymphocytic  or  leukocytic  nuclei 
were  observed  in  many  places.  These  nuclei  were  apparently  passing 
through  the  wall  of  the  ducts  and  acini.  Unfortunately  none  of  the 
material  used  in  this  study  had  been  fixed  in  Helly's  fluid  and  hence 
no  satisfactory  Giemsa  or  Dominici  stain  could  be  used,  which  w^ould 
have  shown  more  clearly  whether  or  not  these  nuclei  belong  to  the 
blood  elements. 

There  are,  however,  evidences  indicating  that  these  nuclei  belong 
to  cells  of  the  wandering  type.     First,  one  must  bear  in  mind  that  there 
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is  not  a  great  deal  of  irregularity  in  the  position  of  the  epithelial  nuclei 
of  the  ducts  or  acini,  that  is,  they  are  about  on  the  same  level.  These 
suspected  nuclei,  however,  are  usually  seen  either  above  or  below  the 
level  of  the  epithelial  nuclei.  They  are  much  smaller  and  much  more 
densely  staining  than  the  nuclei  of  the  epithelial  cells,  and  their  chro- 
matin masses,  although  dense,  have  fairly  definite  outlines  (Fig.  105). 
Occasionally  they  are  surrounded  by  a  clear  space  and  in  one  case 
at  least  presented  a  definite,  pale  green,  narrow  rim  of  surrounding 
cytoplasm,  in  a  section  stained  with  cresyl  violet. 

Since  these  sections  were  stained  with  iron  haematoxylin  or  cresyl 
violet,  it  is  possible  that  the  nuclei  might  be  pycnotic  epithelial  nuclei. 
If  they  were,  however,  one  would  not  expect  to  see  the  chromatin 
masses  so  clearly  outlined  and  the  whole  nucleus  should  appear  more 
uniformly  shrunken  and  black  in  color.  Their  position,  the  appearance 
of  their  chromatin,  and  their  relation  to  the  epithelial  cells,  all  point 
strongly  to  the  conclusion  that  these  nuclei  belong  to  wandering  cells. 

There  are  other  more  general  phenomena  which  support  this  con- 
clusion. Leukocytic  infiltration  of  the  gland  has  been  observed  by 
various  investigators  in  several  other  species,  in  the  first  half  of  preg- 
nancy. The  stroma  is  rich  in  cellular  elements  in  the  second  half  of 
pregnancy  and  (as  noted  in  the  literature)  in  several  other  forms 
leukocytes  and  lymphocytes  have  been  found  a  constant  constituent 
of  colostrum. 

So  far  as  this  study  goes,  all  I  am  able  to  state  is  that  my  material 
does  not  prove  that  these  nuclei  are  of  the  wandering  cell  type,  but 
the  appearance  they  present  strongly  indicates  this  conclusion.  As 
previously  mentioned,  sections  with  specific  blood  stains  must  be 
carefully  studied  before  a  final  conclusion  is  justified. 

This  leads  to  a  consideration  of  the  origin  of  colostrum  corpuscles 
in  the  rat.  In  the  lumina  of  the  ducts,  less  often  of  the  acini,  in  the 
latter  stages  of  pregnancy  fatty  cells  are  observed  which  are  lying  free 
in  the  mass  of  secretion.  These  cells  begin  to  appear  in  the  sixteen 
day  and  twelve  hour  stage  and  increase  in  number  from  then  until 
the  end  of  pregnancy.  Previous  to  the  sixteen  day  and  twelve  hour 
stage  a  few  desquamated  epithelial  cells  were  observed  in  the  lumina 
of  the  ducts,  but  since  they  were  not  fatty  they  do  not  represent  true 
colostrum  corpuscles.  The  cells  in  the  latter  stages  are  in  most  cases 
as  large  as  the  epithelial  cells  of  the  gland;  they  have  many  fatty 
vacuoles,   and  the  nucleus  for  the  most  part  is  large,  round,   and 
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vesicular,  appearing  identical  with  the  nuclei  of  the  epithelial  cells. 
In  other  cases,  these  cells  are  smaller,  the  cytoplasm  is  not  quite  so 
vacuolated,  and  the  nucleus  resembles  that  of  a  leukocyte  or  lympho- 
cyte. A  third  class  of  these  cells,  which  occur  more  rarely,  resembles 
macrophages,  in  that  Ihey  have  a  crescent  shaped  nucleus  and  abun- 
dant, lightly-staining  cytoplasm,  filled  with  a  great  many  vacuoles. 
The  various  types  of  colostrum  corpuscles  may  be  seen  in  Figure  106. 
What  is  the  origin  of  these  cells?  I  have  already  discussed  the 
probability  that  the  cells  resembling  lymphocytes  and  leukocytes 
might  actually  be  such,  which  have  wandered  through  the  walls  of  the 

ducts  and  acini.  Such  cells,  either  in 
the  lumina  of  these  structures  or  be- 
fore they  pass  through  their  walls, 
may  have  become  laden  with  fat, 
although  no  fatty  leukocytes  were 
observed  anywhere  in  the  stroma. 

The  origin  of  those  occasional 
cells  which  resemble  macrophages, 
cannot  be  determined  definitely.  The 
diflFerent  shape  of  the  nucleus  might 
be  accidental  or  due  to  some  de- 
generative process.  However,  Pro- 
fessor Downey,  who  kindly  examined 
some  of  my  preparations,  called  my 
attention  to  the  presence  of  large, 
apparently  phagocytic  cells  in  the 
interalveolar  spaces.  A  careful  study 
with  special  stains  might  possibly 
show  that  these  large  phagocytes 
occasionally  pierce  the  walls  of  the  ducts  or  acini.  The  nuclei  of  the 
large  interalveolar  cells  appeared  rounded,  however,  rather  than 
crescent  shaped,  as  found  in  the  intra-alveolar  cells.  But  the  nucleus 
is  often  variable  in  this  type  of  cell  (Fig.  110). 

Most  of  the  colostrum  corpuscles,  however,  are  undoubtedly 
desquamated  cells  derived  from  the  epithelium  of  the  ducts  and  acini. 
I  have  been  able  to  trace  them  in  all  stages  from  the  beginning  of  their 
desquamation  to  the  time  they  have  become  rounded,  fully  formed 
colostrum  corpuscles.  Some  appear  breaking  oflF  from  the  epithelial 
wall  but  still  partly  attached.     Others  are  lying  close  to  the  wall  of 


Fig.  110. — Portion  of  the  wall  of  a 
duct  of  the  gland  of  a  rat  nineteen 
days  pregnant.  A  large  cell,  AT,  is 
seen  in  the  wall  of  the  duct.  This  cell 
has  staining  reaction  different  from 
that  of  the  epithelial  cells.  The  cell 
might  possibly  be  a  macroph&ge. 
C  represents  a  greatly  distended  capil- 
lary. Zenker's  fixation;  Mallory's 
connective  tissue  stain;  7  microns. 
X300. 
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the  duct,  but  still  maintaining  a  more  or  less  cubical  shape.  Finally 
they  appear  as  rounded  cells,  this  shape  being  assumed  when  the  cells 
become  free  in  a  liquid  medium.  These  stages,  may  be  seen  in  Figure 
111. 


Fia.  111. — A  section  through  the  wall  of  a  large  duct  of  the  gland  from  a  rat  eighteen 
days  and  twelve  hours  pregnant.  Epithelial  cell,  EC^  being  desquamated.  Basal 
cells  shown  at  BC.  B,  wall  of  smaller  duct  from  same  section.  Epithelial  cell,  C, 
shown  free  in  the  lumen;  it  has  not  yet  lost  its  cylindrical  shape.  BC,'  basal  cell. 
Zenker's  fixation;  Mallory's  connective  tissue  stain;  6  microns.      X  750. 

Occasionally  two  adjacent  cells  may  be  detached  at  the  same  time, 
lying  free  in  the  lumen  of  the  duct  although  still  remaining  attached 
to  each  other  (Fig.  106). 

Further  evidence  that  these  cells  are  epithelial  in  origin  is  shown  by 
the  fact  that  when  they  are  observed  in  the  ducts  of  the  sixteen  day 
and  twelve  hour  stage  they  are  not  as  vacuolated  as  they  are  later. 
In  other  words  the  cytoplasm  of  the  earlier  colostrum  corpuscles  is 
in  the  same  condition  as  that  of  the  epithelial  cells  lining  the  ducts. 
The  nuclei,  with  the  exception  of  the  crescent  shaped,  and  the  smaller, 
probably  leukocytic,  nuclei,  appear  in  most  cases  identical  with  the 
epithelial  nuclei. 

The  scarcity  of  these  cells  in  the  lumina  of  the  acini,  indicates  that 
by  far  the  greater  number  of  them  come  from  the  duct  epithelium. 

It  should  be  emphasized  that  this  desquamation  of  epithelial  cells 
is  not  a  pathologic  condition,  nor  is  it  an  artefact  due  to  faulty  technic 
I  have  excluded  all  cases  in  which  there  is  an  extensive  des- 
quamation of  cells,  or  in  which  the  walls  of  the  ducts,  acini,  or  blood 
vessels  indicate  a  previous  injury  or  abnormality.  Only  those  cases 
were  chosen  for  study  in  which  the  gland  appeared  perfectly  normal 
in  structure. 
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Before  leaving  the  question  of  the  origin  of  colostrum  corpuscles,  we 
may  consider  the  theory  of  Steinhaus  and  Unger,  according  to  which  mast 
cells  are  thought  to  be  transformed  into  colostrum  corpuscles.  Atten- 
tion has  already  been  called  to  the  large  number  of  mast  cells  in  the 
stroma  of  the  mammary  gland  of  the  albino  rat  during  pregnancy. 
That  this  is  a  fairly  constant  occurrence  in  other  forms,  as  well  as  in 
the  rat,  is  indicated  by  the  reports  of  Unger,  Steinhaus,  Michaelis, 
Berka,  and  Bizzozero  and  Ottolenghi. 

Steinhaus,  after  describing  the  number  and  appearance  of  the  mast 
cells  in  the  mammary  gland  of  the  pregnant  guinea  pig,  concludes 
that  the  colostrum  corpuscles  represent  '*einfach  Mastzellen  mit  ver- 
fettenen  eosinophilen  Kornern."  A  close  study  of  my  data,  however, 
fails  to  show  a  single  mast  cell  undergoing  fatty  metamorphosis,  or 
passing  through  the  walls  of  the  ducts  or  acini,  or  in  the  luminaof 
these  structures.  Furthermore  the  granules  of  mast  cells  are  obvi- 
ously not  eosinophilic. 

Unger  is  more  definite  in  his  statements  regarding  the  relation  of 
mast  cells  to  colostrum.  He  found  these  cells  in  the  glands  of  human 
beings  and  guinea  pigs,  in  large  numbers  around  the  blood  vessels  and 
ducts,  between  the  fat  cells  in  the  retromammary  fat  tissue,  between 
the  alveoli  and  sending  up  processes  between  the  epithelial  cells,  in 
the  perialveolar  lymph  and  blood  spaces,  and  in  the  axillary  and  retro- 
mammary lymph  nodes.  He  claims  to  have  demonstrated  fat  granules 
in  the  bodies  of  these  cells,  but  other  authors,  particularly  Bertkau 
and  Berka  have  since  questioned  whether  these  cells  were  actually 
mast  cells. 

Unger  concludes  by  approving  Czerny's  theory  of  the  leukocytic 
origin  of  colostrum  corpuscles,  but  goes  farther  in  ascribing  to  the 
mast  cells  the  major  r6le  in  this  process. 

Berka,  however,  in  discussing  the  theory,  states  that  the  mere 
presence  of  these  mast  cells  in  the  gland  during  pregnancy  does  not 
prove  that  they  aid  in  forming  colostrum.  Furthermore  he  was  unable 
to  demonstrate  fat  in  any  of  the  mast  cells. 

In  the  case  of  the  rat,  it  is  an  easy  matter  to  settle  this  question, 
for  in  the  rat  are  mast  cells  in  great  numbers.  Their  distribution  has 
already  been  described  under  stroma  (Fig.  100). 

If  the  mast  cells  take  any  part  in  the  formation  of  colostrum,  evi- 
dence should  appear  in  the  following  respects:  (1)  If  the  mast  cells 
undergo  fatty  metamorphosis,  this  process  should  appear  even  in 
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ordinary  stained  sections,  (2)  some  of  these  cells  should  be  seen  passing 
through  the  walls  of  the  ducts  or  acini,  and  (3)  some  of  them  should 
be  seen  free  in  the  lumina  of  these  structures. 

In  a  careful  study  of  hundreds  of  sections,  I  have  not  seen  a  single 
mast  cell  undergoing  fatty  metamorphosis  and  in  no  case  was  a  mast 
cell  observed  in  the  walls  of  the  ducts  or  acini  or  within  the  lumina. 
It  is  therefore  certain  that  in  the  rat  at  least,  mast  cells  take  no  direct 
part  in  colostrum  formation. 

The  picture  presented,  then,  is  one  in  which  there  is  an  increasing 
number  of  cellular  elements  in  the  secretion  of  the  mammary  gland 
as  pregnancy  advances.  These  cells  present  various  stages  of  fatty 
vacuolization  and  represent  true  colostrum  corpuscles.  The  following 
conclusions,  therefore,  appear  justified  on  the  basis  of  the  evidence 
which  has  been  presented: 

1.  Colostrum  corpuscles  in  the  rat  are  independent  nucleated 
cells.  This  confirms  the  view  of  practically  all  modern  investigators 
with  the  exception  perhaps  of  Benda,  who  regards  free  cells  in  the 
lumina  of  the  ducts  and  acini  of  the  mammary  gland  as  artefacts. 

2.  Colostrum  corpuscles  originate  for  the  most  part  from  desqua- 
mated epithelial  cells.  This  agrees  with  the  conclusions  of  Reinhardt, 
von  Beuren,  Will,  Scanzoni,  Sticker,  Kehrer,  Langer,  de  Sinety, 
Buchholz,  Coen,  Kadkin,  and  Palazzi,  but  disagrees  with  Rauber, 
SaeflFtigen,  Czerny,  Benda,  Steinhaus,  von  Ebner,  Unger,  Cohn  and 
Bab. 

3.  Some  of  the  colostrum  corpuscles  may  arise  from  immigrated 
lymphocytes  or  leukocytes.  Palazzi,  so  far  as  I  know,  is  the  only 
author  who  calls  specific  attention  to  the  double  origin  of  colostrum 
corpuscles. 

4.  Mast  cells  play  no  direct  part  in  the  formation  of  colostrum 
corpuscles.  This  is  in  agreement  with  the  conclusions  of  Cohn  and 
Berka,^  and  opposed  to  the  claims  of  Steinhaus  and  Unger. 

TWO    PRINCIPAL    PHASES 

The  picture  presented  by  the  mammary  gland  of  the  albino  rat 
in  the  latter  part  of  pregnancy  is  that  of  a  gland  which  has  already 
reached  its  maximum  growth,  so  far  as  a  multiplication  of  elements 
is  concerned.  From  the  thirteenth  day  on,  any  enlargement  is  due 
chiefly  to  a  mechanical  distention  of  the  hollow  structures  of  the 
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organ,  together  with  hyperemia,  although  there  is  also  hypertrophy  of 
the  glandular  cells. 

The  gland  is  undergoing  striking  histologic  changes,  which  are 
directed  towards  the  elaboration  of  secretion.  As  a  result,  the  paren- 
chyma is  the  part  of  the  gland  that  is  changing,  while  the  stroma 
(aside  from  the  increased  vascularity)  remains  practically  unchanged, 
except  secondary  changes  due  to  pressure  associated  with  the  growth 
and  expansion  of  the  parenchyma. 

The  secretory  activity  of  the  gland  is  evidenced  by  a  hypertrophy 
of  the  glandular  elements.  The  acini  increase  in  size,  their  lumina  en- 
large, and  their  epithelial  cells  become  much  larger.  The  cytoplasm  of 
the  epithelial  cells  becomes  progressively  vacuolated,  first  in  those 
of  the  acini,  and  later  in  those  lining  the  ducts.  The  cells  remain 
clearly  outlined  and  do  not  lose  their  definite  form,  and  the  nuclei 
do  Hot  change  in  position  or  appearance.  These  facts  indicate  that  the 
cytoplasmic  vacuolization  is  the  result  of  the  secretory  activity  of  the 
cell,  and  is  not  a  sign  that  the  cell  is  undergoing  fatty  metamorphosis 
or  necrobiosis. 

,  Two  stages  can  therefore  be  recognized  in  the  changes  of  the 
mammary  gland  of  the  albino  rat  during  pregnancy.  These  two 
phases,  as  described  by  Bouin  and  Ancel  and  Schil,  in  the  rabbit, 
are  (a)  a  phase  of  growth  activity,  and  (6)  a  phase  of  secretory  activity. 
The  first,  which  occurs  in  stages  earlier  than  those  covered  in  the 
present  paper,  is  marked  by  the  addition  of  new  elements,  an  increase 
in  the  number  of  ducts  and  lobules,  and  an  infiltration  of  lymphocytes 
and  leukocytes.  The  second  phase  begins  in  the  latter  half  of  preg- 
nancy, the  period  studied  in  the  present  investigation.  Here  the 
epithelial  cells  begin  to  elaborate  secretion  and  from  now  on  any 
growth  is  due  chiefly  to  cellular  hypertrophy  and  enlargement  by 
accumulation  of  secretion  and  by  hyperemia.  At  the  same  time  the 
leukocytic  infiltration  is  becoming  progressively  less  prominent.  The 
formation  of  colostrum  also  falls  within  this  period. 

SUMMARY 

The  conclusions  from  a  study  of  the  mammary  gland  in  the  albino 
rat  from  the  thirteenth  to  the  twentieth  day,  or  end  of  pregnancy, 
may  be  summarized  briefly  as  follows: 

1.  The  nipple  increases  in  size  during  pregnancy,  but  has  appar- 
ently reached  its   maximum   growth  by  the  thirteenth  day.     The 
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epithelial  hood  about  the  nipple  entirely  disappears  during  pregnancy, 
resulting  in  an  elongation  of  the  nipple,  and  at  the  same  tiipe  the 
smooth  muscle  about  the  main  duct  has  become  well  developed. 

2.  The  stroma,  aside  from  progressive  increase  in  the  blood  vessels, 
and  an  increase  in  the  elastic  tissue,  especially  around  the  ducts,  shows 
no  marked  changes.  There  is  no  membrana  proprifi  around  the  acini, 
aside  from  a  thin  connective  tissue  sheath  formed  by  their  distention. 

3.  There  is  a  tremendous  proliferation  of  the  mammary  paren- 
chyma during  pregnancy.  Hyperplasia  is  evidently  confined  chiefly 
to  the  first  half  of  pregnancy,  as  mitosis  is  rare  from  the  thirteenth 
day  and  amitosis  apparently  absent.  The  ducts  and  acini  continue  to 
increase  in  size,  however,  partly  through  hypertrophy  of  the  epithelial 
cells,  and  partly  by  accumulation  of  secretion  within  the  lumina. 

4.  Progressive  cytoplasmic  vacuolization,  indicating  secretory 
activity,  is  apparent  in  the  acinar  epithelium  from  the  thirteenth 
day,  and  some  days  later  in  the  cells  lining  the  ducts.  The  maximum 
degree  of  vacuolization  is  reached  by  the  nineteenth  day.  "Decapita- 
tion," or  detachment  of  the  inner  portion  of  the  acinar  cells  during 
secretion,  is  a  rare  occurrence  and  does  not  represent  the  usual  mode 
of  secretion  in  the  stages  observed.  The  secretory  cells  usually  remain 
intact. 

5.  Colostrum  corpuscles  are  derived  chiefly  from  desquamated 
epithelial  cells  of  the  ducts  and  acini.  Some  may  be  derived  from 
immigrated  lymphocytes  or  leukocytes.  Mast  cells  are  abundant  in 
the  stroma,  but  take  no  direct  part  in  the  formation  of  colostrum 
corpuscles. 
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A  NOTE  ON  THE  RELATION  BETWEEN  THE  WEIGHT 

OF  THE  THYROID  AND  THE  WEIGHT  OF 

THE  THYMUS  IN  MAN 

RICHARD  E.  SCAMMON 

Institute  of  Anatomy ^  University  of  Minnesota 

In  a  recent  publication  Dustin  and  Zunz  (1)  have  recorded 
some  interesting  observations  on  the  weight  of  the  thyroid  and 
the  thymus  in  early  maturity.  Their  data  are  quite  unique, 
consisting  of  weighings  of  the  thyroids  and  thjrmi  of  thirty- 
eight  individuals  who,  with  one  exception,  died  within  forty- 
eight  hours  after  receiving  wounds  in  battle,  and  who  came  to 
autopsy  within  twelve  hours  or  less  after  death.  We  aj-e  thus 
fiuTiished  with  a  series  of  records  of  the  weight  of  the  thymus 
in  presumably  normal  young  adults  which  greatly  improves  our 
knowledge  of  the  later  ponderal  changes  of  this  organ. 

Dustin  and  Zunz  have  analyzed  this  material  by  means  of 
tabulations  and  a  graph  in  which  the  thjrmus  weight  is  plotted 
against,  the  thyroid  weight.  They  found  a  negative  correlation 
between  thymus  weight  and  thyroid  weight  in  man,  and  they 
conclude  that  their  results  support  the  experimental  findings 
of  Gley  (2)  and  others  who  have  observed  an  increase  in  the 
thymus  following  thyroidectomy  in  amphibia. 

Although  this  series  of  cases  is  very  small  for  any  statistical 
study,  its  unique  character  and  the  importance  of  the  conclusions 
which  have  been  drawn  from  its  examination  seem  to  warrant 
its  further  analysis  by  some  of  the  simpler  biometric  methods. 
Accordingly,  the  standard  deviation  and  the  coefficient  of  vari- 
ation have  been  determined  for  the  thymus  and  thyroid  in  the 
series  and  also  the  coefficient  of  correlation  between  the  two 
organs.  These  determinations  were  first  made  for  the  entire 
series  of  cases  as  given  in  the  original  article,  and  second  for  the 
same  series  with  the  omission  of  four  cases  which  seem  to  be  of 
doubtful  value. 
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In  the  complete  series  the  average  weight  of  the  thyroid  is 
32.0  =b  2.4  grams,  the  standard  deviation  21.8  grams,  and  the 
coefficient  of  variation  0.68.  The  average  thymus  weight  is 
15.6  ±0.7  grams,  the  standard  deviation  7.07  grams  and  the 
coefficient  of  variation  0.45.  The  coefficient  of  correlation 
between  the  thyroid  and  the  thjrmus  is  —0.265  with  a  probable 
error  of  ±0.102. 

The  second  calculation  was  made  from  the  series  after  the 
omission  of  the  following  cases. 

Case  1,  in  which  the  weight  of  the  thyroid  was  134.54  grams, 
nearly  four  times  the  average  weight  of  the  group  and  over  two 
times  the  weight  of  the  next  member  of  the  series.  It  can 
scarcely  be  doubted  that  this  great  enlargement  was  associated 
with  thyroid  disease. 

Cases  2  and  11,  in  which  there  was  a  complete  involution  of 
the  thymus.  As  these  cases  were  individuals  aged  twenty-five 
and  twenty-eight  years,  respectively,  it  is  most  probable  that 
the  thymi  had  undergone  accidental  involution,  presumably  in 
some  previous  illness. 

Case  38  was  a  youth  but  fourteen  years  old  and  cannot  be 
properly  included  with  a  series  of  young  adults,  since  the 
thymus  undergoes  profound  weight  changes  in  adolescence. 

In  the  selected  series,  with  these  four  cases  omitted,  the  average 
thyroid  weight  was  26.6  ±1.41  grams,  the  standard  deviation 
12.26  grams,  and  the  coefficient  of  variation  0.45.  The  average 
weight  of  the  thymus  was  16.2  ±  0.64  grams,  the  standard 
deviation  5.49  grams,  and  the  coefficient  of  variation  0.33.  The 
coefficient  of  correlation  of  the  thyroid  and  thymus  was  —0.156 
with  a  probable  error  of  ±0.107. 

These  calculations  show  a  negative  correlation  between  the 
weight  of  the  thyroid  and  the  weight  of  the  thjrmus  in  the  com- 
plete series,  as  Dustin  and  Zunz  suspected.  But  this  correlation 
is  so  low  and  the  probable  error  is  so  large  that  we  are  hardly 
justified  in  attaching  any  particular  significance  to  it.  This 
seems  the  more  probable  since  when  the  four  cases  which  are  of 
very  doubtful  value  are  omitted  the  correlation  drops  to  from 
—  0.265  to  —0.156  and  the  probable  error  remains  almost  un- 
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changed.  A  slight  negative  correlation  might  well  exist  between 
the  two  organs,  since  the  thyroid  follows  the  scheme  of  general 
body  growth  and  increases  a  little  in  weight  during  the  third 
decade,  while  the  thymus  decreases  in  absolute  as  well  as  relative 
weight  after  early  adolescence.  But  this  negative  correlation 
does  not  warrant  the  assiunption  of  a  functional  relation  between 
the  two  organs;  a  similar  congelation  might  be  expected  between 
the  thymus  and  any  of  the  viscera  which  follow  the  general 
scheme  of  the  growth  in  mass  of  the  body  as  a  whole. 

In  order  to  test  this  relation  in  another  way  I  have  calculated 
the  coefficient  of  correlation  of  the  thyroid  and  thjonus  in  a 
series  of  twenty-five  full-term  newborn  children.  The  data  for 
this  series  were  taken  in  part  from  the  lists  of  cases  reported  by 
Valtorta  (3)  and  Lomer  (4)  and  in  part  from  my  own  records. 
The  average  weight  of  the  thyroid  in  this  series  was  3.4  ±0.24 
grams,  the  standard  deviation  1.8  grams,  and  the  coefficient  of 
variation  0.53.  The  average  thymus  weight  was  14.2  ±0.90 
grams,  the  standard  deviation  6.7  grams,  and  the  coefficient  of 
variation  0.47.  The  coefficient  of  correlation  of  the  thjonus 
and  thyroid  was  +0.19  with  a  probable  error  of  ±0.08.  Thus 
in  the  newborn,  as  in  the  adult,  the  variability  of  the  thymus  and 
the  thyroid  is  very  great  and  the  correlation  between  the  two 
organs  is  quite  small.  But,  in  contrast  to  the  adult,  the  slight 
correlation  which  does  exist  in  the  newborn  is  a  positive  one. 

These  figures  indicate  that  any  correlation  which  may  exist 
between  the  weights  of  the  thyroid  and  the  thjonus  is  inconstant 
in  postnatal  life,  and  they  offer  little  if  any  support  to  the  con- 
cept of  a  direct  fimctional  relation  between  the  two  organs. 
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A  SIMPLE  TRACING  APPARATUS  FOR  MAKING 
TOPOGRAPHIC  RECONSTRUCTIONS 

RICHARD  E.  SCAMMON 
Institute  of  Anatomy,  University  of  Minnesota 

THREE  FIGURES 

The  study  of  certain  phases  of  the  anatomy  of  the  fetus  and 
infant  is  hindered  somewhat  by  the  lack  of  any  simple  method 
of  making  topographic  reconstructions  of  the  various  organs 
and  regions.  Graphic  reconstruction  from  microscopic  sections, 
which  is  so  successful  in  embryologic  work,  is  generally  imprac- 
ticable here,  for  the  preparation  of  even  a  few  sets  of  serial  sec- 
tions of  this  material  requires  an  almost  prohibitive  amount  of 
time  and  labor,  and  the  thorough  decalcification  necessary  for 
the  larger  specimens  usually  causes  serious  shrinkage  and  distor- 
tion in  the  process  of  embedding.  The  usual  methods  employed 
in  the  study  of  adult  topography  are  also  inadequate  for  this 
work.  Topographic  reconstructions  of  the  adult  are  generally 
made  either  by  graphic  reconstruction  from  free-hand  transverse 
sections  after  the  method  first  suggested  by  Henke  or  by  plotting 
from  fixed  points  which  are  established  by  setting  long  pins  or 
skewers  in  the  body  in  certaiu  definite  positions  before  dissection 
is  begim.  But  to  make  accurate  reconstructions  of  the  smaller 
structures  of  the  fetus  and  infant  the  sections  must  be  cut  so 
thin  that  they  are  extremely  fragile  and  subject  to  distortion. 
And  the  fixed  point  method  is  very  inconvenient  both  because 
of  the  difficulty  in  placing  the  pins  firmly  in  position  in  the 
delicate  tissues  and  because  these  pins  make  the  subsequent 
dissection  of  the  smaller  regions  almost  impossible. 

The  apparatus  which  is  described  here  was  devised  to  over- 
come some  of  these  difficulties,  and  after  a  considerable  trial 
has  been  found  sufficiently  useful  to  warrant  the  publication  of 
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an  account  of  it.    It  consists  essentially  of  a  tracing  stand, 
covered  by  a  glass  grating,  and  an  eyepiece. 

The  stand  is  shown  in  figiire  1.  Its  base  is  a  slab  of  hardwood, 
25  inches  long,  17  inches  wide,  and  1.5  inches  thick.  Seven 
inches  above  this  base  is  a  sheet  of  heavy  plate  glass  inclosed  in 
a  strong  hardwood  frame,  which  is  supported  at  its  comers  by 
four  brass  rode.  At  one  end  these  rods  or  legs  are  connected 
with  the  frame  by  hinges  and  firmly  attached  to  the  base-board 


Stand  of  reconstruction  apparatus. 


with  screws.  At  the  other  their  upper  ends  are  screwed  to  the 
frame  of  the  plate,  but  their  lower  ends  are  covered  by  rubber 
caps  which  rest  freely  on  the  base-board.  This  permits  the 
frame  to  be  raised  so  that  large  objects  may  be  easily  placed  on 
the  base-board  below. 

The  glass  plate  is  ruled  with  a  centimeter  grating  and  the 
lines  of  this  grating  are  numbered  or  lettered  consecutively  at 
its  margin.  The  middle  longitudinal  and  the  middle  cross  line 
of  the  grating  are  ruled  a  little  heavier  than  the  others  and  are 
filled  with  pigment  to  distinguish  them  as  base  lines  (fig.  3). 
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The  eyepiece  is  a  brass  tube  4  inches  long  and  0.8  inch  in 
diameter  (fig.  2,  A).  Its  upper  end  is  closed  by  a  screw  cap  which 
contains  a  central  pinhole  opening  (fig.  2,  B).  At  the  bottom 
of  the  tube  are  cross-hairs  of  spun  glass  or  very  fine  wire  which 
are  set  a  little  above  its  lower  opening  and  cross  in  the  optical 
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Fig.  2    Eyepiece  of  reconstruction  apparatus.    A,  entire  eyepiece;  B,  detail 
of  screw  cap  with  pinhole  opening;  C,  detail  of  quadrant  base. 

axis  of  the  tube  directly  in  line  with  the  pinhole  opening  in  the 
cap.  The  lower  end  of  the  tube  is  set  in  the  center  of  a  circular 
plate  of  brass  2.4  inches  in  diameter  and  0.2  inch  thick.  One 
quadrant  of  this  base  is  cut  away,  its  margins  being  so  adjusted 
that  they  fall  directly  in  line  with  the  cross-hairs  of  the  eyepiece. 
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The  edges  of  the  quadrant  are  beveled  and  are  graduated  in 
millimeters,  the  zero  points  of  the  scales  lying  exactly  1  cm, 
from  the  optical  center  of  the  eyepiece  (fig.  2,  C). 

The  method  of  using  the  apparatus  is  simple.  The  specimen 
to  be  reconstructed  is  fixed  firmly  in  a  tray  or  better  set  in  a 
base  of  plaster  of  Paris  or  hard  wax.  It  is  then  placed  on  the 
base-board  and  adjusted  so  that  its  midline  corresponds  approxi- 
mately with  the  midline  of  the  grating  on  the  glass  plate  above 
it.  Orientation  points  are  then  estabUshed  by  marking  the 
specimen  with  dots  of  indeUble  ink  or  by  setting  small  pins  in 
it.  At  least  three  such  points  should  be  established  as  far  apart 
as  possible  and  in  regions  which  will  not  be  disturbed  in  the  course 
of  the  subsequent  dissection,  A  large  sheet  of  coordinate  paper 
is  now  niunbered  to  correspond  with  the  niunbering  of  the  grating, 
and  base  lines  corresponding  to  those  of  the  grating  are  drawn 
upon  it.  The  exact  position  of  the  orientation  points  and  the 
outlines  and  superficial  landmarks  of  the  specimen  are  now  deter- 
mined by  successive  readings  with  the  eyepiece  which  is  passed 
over  the  grating.  As  these  determinations  are  made  they  are 
recorded  in  their  proper  places  on  the  coordinate  paper,  and  the 
first  plot  giving  the  outlines  of  the  specimen  is  completed  by- 
connecting  these  points.  After  the  outline  is  made  the  specimen 
may  be  dissected  layer  by  layer  and  as  the  different  structures 
are  exposed  they  may  be  outlined  in  their  proper  positions  on 
the  plot  by  replacing  the  specimen  under  the  grating,  adjusting 
the  orientation  points  to  their  recorded  positions,  and  taking 
the  necessary  readings  with  the  eyepiece.  With  a  little  practice 
this  process  can  be  carried  out  quite  rapidly.  Readings  with 
the  eyepiece  to  half-centimeters  can  be  made  directly  from  the 
lines  of  the  grating  and  readings  to  half-millimeters  by  using 
the  scales  on  the  margins  of  the  quadrant.  Thfe  specimen  should 
be  strongly  illuminated  when  the  readings  are  made.  Ortho- 
graphic projection  is  assured  by  the  use  of  the  eyepiece  with  a 
vertical  optical  axis  established  by  the  pinhole  opening  and  cross- 
hairs. It  is  possible  to  make  the  reconstriiction  at  any  magni- 
fication desired  by  modifying  the  scale  of  the  coordinate  paper. 
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Fig.'  3  Reconstruction  of  the  abdominal  and  thoracic  yiscera  of  a  f ull^term 
newborn  infant.  Made  by  H.  J.  Bower  and  W.  C.  Stillwell  with  the  apparatus 
herein  described.  The  reconstruction  has  been  retraced  and  reduced  to  one- 
half  the  original  (natural)  size.  The  centimeter  scale  of  the  grating  is  shown 
at  the  margins  of  the  drawing.  A-A[s.nd  0-0  are  the  longitudinal  and  cross  base- 
lines. 
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The  chief  sources  of  error  in  making  reconstructions  of  this 
kind  are  due,  first,  to  changes  in  the  form  of  the  specimen  which 
may  occur  in  the  course  of  dissection  and,  second,  to  variations 
caused  by  the  improper  adjustment  of  the  eyepiece.  The  first 
may  be  avoided,  in  a  great  measure,  by  partially  embedding  the 
specimen  in  a  firm  base  of  plaster  or  wax  as  mentioned  above 
and  by  care  in  dissection.  The  second  can  be  entirely  eliminated 
if  care  is  taken  to  see  that  the  margins  of  the  quadrant  are  either 
parallel  or  at  right  angles  to  the  lines  of  the  grating  before  each 
reading  is  made. 

An  example  of  a  reconstruction  by  this  method  of  the  thoracic 
and  abdominal  viscera  of  a  full-term  stillborn  infant  is  shown  in 
figure  3.  The  original  plotting  has  been  retraced  and  inked, 
the  published  figure  being  one-half  the  size  of  the  original. 
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On  the  weight  increments  of  premature  infants  as  compared  with 

those  of  fetuses  of  the  same  gestation  age  and  those  of 

full-term  children. 

By  RICHARD  B.  SCAMMON. 

[From  the  Department  of  Anatomy^  University  of  Minnesota^ 
Minneapolis,  Minn.] 

One  method  of  approaching  the  problem  of  the  effect  of  birth 
and  the  postnatal  environment  on  the  course  of  human  growth  is 
by  the  comparison  of  the  rates  of  growth  of  premature  infants 
with  the  growth  rates  of  fetuses  of  the  same  gestation  age  and 
with  those  of  full-term  children.  If  the  environmental  factors 
are  the  all-important  ones  it  might  be  expected  a  priori  that  the 
rate  of  growth  of  prematures  would  agree,  in  the  main,  with  that 
of  full-term  children.  If,  on  the  other  hand,  the  effects  of  the 
extrauterine  environment  do  not  seriously  modify  the  course  of 
growth  established  in  prenatal  life,  it  is  to  be  expected  that  the 
curve  of  rate  of  growth  in  prematures  will  follow  in  general  that 
of  the  fetus  of  the  same  gestation  age. 

The  following  study  was  based  upon  the  weight  records  of  78 
premature  infants.  In  collecting  the  histories  all  cases  were  in- 
cluded which  made  any  gain  in  weight  in  the  first  month  after 
birth.  These  cases  were  divided  in  four  groups  according  to 
their  birth  weight,  and  the  rate  of  growth  in  the  form  of  the 
monthly  percentage  increment  in  weight  was  determined  separa- 
tely for  each  case.  The  mean  monthly  increment  of  each  groud 
for  each  month  was  then  determined  by  averaging  these  in- 
dividual percentages.  The  results  obtained  are  shown  in  the 
table  below.  It  will  be  noted :  first,  that  the  percentage  increment 
in  weight  of  prematures  in  the  first  postnatal  month  is  lower 
than  in  the  second  month,  and  that  following  the  second  month 
the  rate  of  increment  gradually  decreases;  and,  second,  the  per- 
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centage  increments  are  in  a  general  way  inversely  proportional  to 
the  birth  weight. 

AvEKAGB  Monthly  Pkrcsntagb  Incrsmbnts  in  Body-wxight  or  Prsbcaturb 

AND  FlTIX-TBRM  ChILDRXN  IN  INFANCY. 


Group. 

A 

B 

C 

D 

Range  in  birth-weight  (grams) 

Approximate     average     birth  weight 
(grams) 

1,000 

to 
1.500 

1*300 

1.500 

to 
2,000 

1,720 

2,000 

to 
2,500 

2,300 

ca.  2,750 

to 
ca.  4.300 

3^380 

Total  number  of  cases 

17 

35 

26 

« 

Average  percentage  increment  in: 
First  month .............  t  >....... . 

3a.8 
451 
24.S 
21.X 
16.2 
14.4 
11.6 
7.4 
51 

16.8 
31.6 
20.4 
I7.a 
13.6 

13.8 
26.7 
15.5 
135 

21.2 

Second  month 

19.4 

Third  month 

14.6 

P^ourtn  Fnontu  • 

11.4 

Fifth  month 

8.9 

Sixth  month 

5.8 

Seventh  month ....                  ^ .     .    . 

5.9 

Eighth  month 

3.9 

Ninth  month 

4.0 

*  Average  of  ten  large  published  series  of  observations. 

The  increments  thus  determined  were  next  compared  with 
those  of  fetuses  of  the  same  gestation  age  and  with  those  of  full- 
term  newborn  children. 

The  norm  for  fetal  growth  in  weight  was  estimated  from  the 
following  empirical  formulae:  (i)  Y  =*  0.24 -Y**  +  400,  where  Y 
is  the  body- weight  in  grams  and  X  is  the  body  length  in  cm.,  and 
(2)  Y  =  8.9  {X  -i)  -  0.27  {X  -  i)«  -  6.5,  where  Fis  the  body 
length  in  cm.  and  X  is  the  age  in  fetal  or  lunar  months.  The 
norm  for  weight  increment  in  the  first  nine  postnatal  months  was 
determined  by  calculation  from  10  large  series  of  published  aver- 
ages on  the  increase  in  body  weight  in  the  first  year.  When  the 
monthly  weight  increment  rates  of  the  premature  infants  are 
compared  with  these  norms  it  is  found  that  they  fall  much  closer 
to  the  calculated  rates  of  growth  of  fetuses  of  the  same  size  and 
age  than  to  those  of  newborn  children.  This  is  shown  particularly 
well  by  group  A  of  the  smallest  prematures  which  were  approxi- 
mately 7  fetal  months  old  when  bom.  The  comparison  is  shown 
graphically  in  the  chart  below. 
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These  results  indicate  that  premature  children,  after  a  short 
period  of  retarded  growth  incident  to  the  adjustment  to  the 
extrauterine  environment,  tend  to  regain  the  fetal  rate  of  growth 
and  to  follow  this  course  of  growth  until  some  time  in  the  latter 
part  of  the  first  year  when  the  rates  of  fetal  and  postnatal  growth 
approximate  one  another.  In  other  words  the  growth  tendency 
of  prematures  is  in  general  that  of  fetuses  of  the  same  size  and 
age  rather  than  that  of  full-term  children.  These  results  are  in 
agreement  with  those  of  Hammett*  on  growth  capacity  and  body 
weight  in  the  first  two  weeks  of  postnatal  life,  and  with  certain 
findings  of  Cammerer,*  but  seem  to  be  in  opposition  to  some  of 
the  conclusions  of  Schwarz  and  Kohn*  and  of  Ylpp5.^  That  this 
opposition  is  apparent  rather  than  real  will  be  shown  in  a  later 
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Fig.  I.  A  seraph  showing  monthly  percentage  increment  in  weight  of  a  group 
of  premature  infants  ranging  from  i.o  to  1.5  kg.  in  birth  weight.  The  solid  line 
represents  the  rate  of  increment  of  the  premature  children  in  the  first  9  months 
after  birth.  The  upper  broken  line  represents  the  calculated  rate  of  increment  of 
the  fetuses  of  the  same  sixe  and  age  as  the  prematures.  The  lower  broken  line 
represents  the  raite  of  increment  of  full-term  children. 

1  Hammett,  F.  S.,  Amer.  Jour.  Physiol.,  1919,  zlv,  396. 

*  Cammerer,  W.,  Jahrb.  f.  KinderheUk.,  1900,  liii.  381. 

*  Schwarz  and  Kohn,  J.  L..  Amer.  Jour.  Dis.  Children,  1921,  296. 
*YlppO.  Zeitsckr.f.  Kinderheilk.,  19x9,  xxiv,  179. 
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INTRODUCTION 

By  C.  M,  JACKSON,  M.S.,  M.D. 

PROFBBSOR  or  AHATOMT,  VNXVBRSITT  Or  MINNESOTA 


ANATOMY,  as  the  term  is  usually  employed,  denotes  the  study  of  the 
structure  of  the  human  body.  Properly,  however,  it  has  a  much  wider 
significance,  including  within  its  scope  not  man  alone,  but  all  animal 
forms,  and,  indeed,  plant  forms  as  well;  so  that,  when  its  application  is  limited  to 
man,  it  should  be  termed  human  anatomy.  Human  anatomy,  then,  is  the  study 
of  the  structure  of  the  human  body,  and  stands  in  contrast  to,  or  rather  in  correla- 
tion with,  hum4in  physiology y  which  treats  of  the  functions  of  the  human  body^ 
the  two  sciences,  anatomy  and  physiology,  including  the  complete  study  of 
man's  organization  and  functional  activities. 

In  the  early  history  of  the  sciences  these  terms  sufficed  for  all  practical  needs, 
but  as  knowledge  grew,  specialization  of  necessity  resulted  and  new  terms  were 
from  time  to  time  introduced  to  designate  special  lines  of  anatomical  inquiry. 
With  the  improvement  of  the  microscope  a  new  field  of  anatomy  was  opened  up 
and  the  science  of  histology  came  into  existence,  including  the  portion  of  anatomy 
which  deals  with  the  minuter  details  of  structure.  So,  too,  the  study  of  the 
development  of  the  body  gradually  assumed  the  dignity  of  a  more  or  less  inde- 
pendent study  known  as  embryology,  and  the  study  of  the  structural  changes  due 
to  disease  was  included  in  the  science  of  pathology;  so  that  the  term  anatomy  is 
sometimes  limited  to  the  study  of  the  macroscopic  structure  of  normal  adult 
organisms. 

It  is  clear,  however,  that  the  lines  of  separation  between  anatomy,  histology,  embryology, 
and  pathology  are  lareely  arbitrary.  Microscopic  anatomy  necessanly  grades  off  into  macro- 
scopic anatomy;  the  development  of  an  organism  is  a  progressive  process  and  the  later  embrv- 
onic  or  fetal  stages  shade  gradually  into  the  adult;  and  structural  anomalies  lead  insensibly 
from  the  normal  to  the  pathological  domains.  Furthermore  it  is  found  that  in  its  individual 
development  the  organism  passes  through  stages  corresponding  to  those  of  its  ancestry  in 
evolution;  in  other  words,  ontogeny  repeats  phylogeny.  A  comprehensive  study  of  anatomy 
must  therefore  include  more  or  less  of  the  other  sciences,  oince  an  appreciation  of  the 
significance  of  structural  details  can  be  obtained  only  by  combining  the  studies  of  anatomy 
(including  histology)  and  embryology,  and  since,  further,  much  light  mav  be  thrown  on  the 
significance  of  emoryological  stages  by  comparative  studies,  anatomy,  embryology,  and  com- 
parative anatomy  form  a  combination  of  sciences  by  which  the  structure  of  an  organism,  the 
significance  of  that  structure,  and  the  laws  which  determine  it  are  elucidated.  For  this  com- 
bination it  is  convenient  to  have  a  single  term,  morphology,  a  word  meaning  Uterally  the  science 
of  form. 

In  morpholojsical  comparisons  the  term  homology  denotes  similarity  of  structure,  due  to  a 
common  origin  m  the  evolution  of  organs  or  parts;  while  analogy  denotes  merely  physiological 
correspondence  in  function.  Thus  the  arm  of  man  and  the  wing  of  a  bird  are  homologous,  but 
not  analogous,  structures:  on  the  other  hand,  the  wing  of  a  birdf  and  the  wing  of  an  insect  are 
analogous,  but  not  homologous.  Serial  homology  refers  to  corresponding  parts  in  successive 
»es<nents  of  the  body. 

Nomenclature. — ^Formerly  there  was  much  confusion  in  the  anatomical 
Dtoinenclature,  due  to  the  multipUcity  of  names  and  the  lack  of  uniformity  in 
using  them.  Various  names  were  appUed  to  the  same  organs  and  great  diversity 
3f  usage  prevailed,  not  only  between  various  countries,  but  also  even  among 
iuthors  of  the  same  country.  Recently,  however,  a  great  improvement  has  been 
nade  by  the  general  adoption  of  an  international  system  of  anatomical  nomen- 
clature. This  system  was  first  adopted  by  the  German  Anatomical  Society  at  a 
neeting  in  Basel,  in  1895,  and  is  hence  called  the  Basel  Nomina  Anatomica,  or 
briefly,  the  BNA.  The  BNA  provides  each  term  in  Latin  form,  which  is  es- 
>ecially  desirable  for  international  usage.  Each  nation,  however,  is  expected  to 
translate  the  terms  into  its  own  language,  wherever  it  is  deemed  preferable  for 
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everyday  usage.  Thus  in  the  present  work  the  Anglicised  form  of  the  BNA  i 
generally  used.  Where  not  identical,  however,  the  Latin  form  is  added  once  fc 
each  term  in  a  place  convenient  for  reference,  and  is  designated  by  enclosure  i 
brackets  [  ].     Where  necessary  the  older  terms  have  also  been  added  as  synonymj 

The  Commission  by  whom  the  BNA  was  prepared  included  eminent  anatomists  represen 
ing  various  European  nations.  The  work  of  the  Commission  was  very  thorough  and  carefu 
and  extended  through  a  period  of  six  years.  Amon^  the  guiding  principles  in  the  difficult  tas 
of  selecting  the  most  suitable  terms  were  the  foUowme:  U)  Each  part  should  have  one  nan 
only.  (2)  The  names  should  be  as  short  and  simple  as  possible.  (3)  Related  stnictur 
should  have  similar'  names.  (4)  Adjectives  should  be  in  opposing  pairs.  A  few  exceptioi 
were  found  necessary,  however. 

On  account  of  its  obvious  merits,  the  BNA  system  has  been  generally  adopted  throughoi 
the  civilized  world,  and  the  results  are  very  sati^actory.  Comparatively  few  new  terms  hai 
been  thereby  introduced,  over  4000  of  the  4600  names  ih  the  BNA  corresi>onding  almost  exact! 
to  older  terms  already  in  use  by  the  English-speaking  nations.  Certain  minor  defects  ha^ 
been  criticized;  but  these  are  outweighed  by  the  advantages  of  this  uniform  system. 

Abbreviations. — Certain  freauently  used  words  in  the  BNA  are  abbreviated  as  follow 
a.,  arteria  (plural,  aa.,  arterise);  o.,  bursa;  g.,  ganglion;  gl.,  glandula;  lig.,  ligamentum  (plura 
lig^.,  ligamenta);  m.,  musculus  (plural,  mm.,  musculi);  n.,  nervus  (plural,  nn.,  nervi);  osi 
ossis  (or  ossium);  proc,  processus;  r.,  ramus  (plural,  rr.,  rami);  v.,  vena  (plural,  vv.^,vena). 

Terms  of  position  and  direction. — The  exact  meaning  of  certain  fundaments 
terms  used  in  anatomical  description  must  be  clearly  understood  and  kept  i 
mind.  In  defining  these  terms,  it  is  supposed  that  the  human  body  is  in  a 
upright  position,  with  arms  at  the  sides  and  palms  to  the  front. 

The  three  fundamental  planes  of  the  body  are  the  sagittal,  the  transverse  an 
the  frontal.  The  vertical  plane  through  the  longitudinal  axis  of  the  truni 
dividing  the  body  into  right  and  left  halves,  is  the  median  or  midsagitial  plan< 
and  any  plane  parallel  to  this  is  a  sagiUoL  plane.  Any  vertical  plane  at  rigk 
angles  to  a  sagittal  plane,  and  dividing  the  body  into  front  and  rear  portions  is 
frontal  (or  coronal)  plane.  A  plane  across  the  body  at  right  angles  to  sagittal  an 
coronal  planes  is  a  transverse  or  horizontal  plane. 

Terms  pertaining  to  the  front  of  the  body  are  anterior  or  ventral;  to  the  reai 
posterior  or  dorsal;  upper  is  designated  as  superior  or  cranial;  and  lower  as  inferii 
or  caudal. 

The  term  medial  means  nearer  the  midsagittal  plane,  and  lateral,  further  froi 
that  plane.  These  terms  should  be  carefully  distinguished  from  internal  (innei 
and  external  (outer),  which  were  formerly  synonymous  with  them.  Internal,  a 
now  used  (BNA),  means  deeper,  i.  e.,  nearer  the  central  axis  of  the  body  or  part 
while  extertMl  refers  to  structures  more  superficial  in  position.  Proximal,  i 
describing  a  limb,  refers  to  position  nearer  the  trunk;  while  distal  refers  to  a  mor 
peripheral  position. 

Adverbial  forms  are  also  employed,  e.  g.,  anteriorly  or  ventrally  (forward,  before);  post« 
riorly  or dorsally  (backward,  behind);  superiorly  or  cranially  (upward,  above);  and  inferior! 
or  caudally  (downward,  below). 

It  should  also  be  noted  that  the  terms  ventral,  dorsal,  cranial  and  caudal  are  independent  < 
the  body  posture,  and  therefore  apply  equally  well  to  corresponding  surfaces  of  vertebrates  i 
general  with  horizontal  body  axis.  On  this  account  these  terms  are  preferable,  and  will  doub 
less  ultimately  supplant  the  terms  anterior,  posterior,  superior  and  mferior. 

The  discrimination  in  the  use  of  several  similar  terms  of  the  BNA  should  also  receive  attei 
tion.  Thus  medianus  (median)  refers  to  the  median  plane.  Medialis  (medial)  means  near 
the  median  plane  and  is  opposed  to  lateral,  as  above  stated.  Meditis  (middle)  is  used  to  desi{ 
nate  a  position  between  anterior  and  posterior,  or  between  internal  and  external.  Betwei 
medialis  and  lateralis,  however,  the  term  intermedius  is  used.  Finally,  tranaversalis  me^Li 
transverse  to  the  body  axis;  transversus,  transverse  to  an  organ  or  part;  and  tran9t?ersarit 
pertaining  to  some  other  structure  which  is  transverse. 

Parts  of  the  body. — The  primary  divisions  of  the  human  body  (fig.  1)  are  tl 
head,  neck,  trunk  and  extremities.  The  head  [caput]  includes  cranium  and  /a 
[facies].  The  neck  [coUum]  connects  head  and  trunk.  The  trunk  [truncu 
includes  thorax,  abdomen,  and  pelvis.  The  upper  extremity  [extremitas  superio 
includes  arm  [brachium],  forearm  [antibrachium],  and  hand  [manus].  Tl 
lower  extremity  [extremitas  inferior]  includes  thigh  [femur],  leg  [cms],  and  fo 
[pes]. 

Each  of  the  parts  mentioned  has  further  subdivisions,  as  indicated  in  fig. 
The  cranium  includes:    croum  [vertex];  back  of  the  head  [occiput] ;  /ron/ol  regit 
[sinciput],  including  forehead  [frons];  temples  [tempora];  ears  [aures],  includii 
auricles  [auriculae].  ^'9' '"^°  ^^  ^^^ql^ 
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The  face  includes  the  regions  of  the  eye  [oculus],  nose  [nasus],  and  maiUh  [os], 
the  subdivisions  of  which  will  be  given  later  under  the  appropriate  sections. 

The  thorax  includes:  brefist  [pectus];  mammary  gland  [mamma];  and  thoracic 
cavity  [cavum  thoracis].  The  back  [dorsum]  includes  the  vertebral  column 
[columna  vertebralis].  The  abdomen  includes:  navel  [umbilicus] ;\^nA;  [latus]; 
groin  [inguen];  loin  [lumbus];  and  the  abdominal  cavity  [cavum  abdominis].     The 

Fig.  1. — Parts  of  the  Human  Body.     A,  Posterior  view.     B,  Anterior  view. 


pelvis  includes:  pelvic  cavity  [cavum  pelvis];  genital  organs  [organa  genitalia], 
buMocks  [nates],  separated  by  a  cleft  [crena  ani]  at  the  anus.  The  hip  [coxa] 
connects  the  pelvis  with  lower  extremity.  ^r-k^rrL^ 

In  the  lower  extremity,  the  thigh  is  joined  to  the  leg  by  the  knee  [genuj?  The 
foot  includes:  heel  [calx];  sole  [planta];  instep  [tarsus];  metatarsus;  and  five  toes 
[digiti  I-V],  including  the  great  toe  [hallux]  and  little  toe  [digitus  minimus]. 
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The  upper  extremity  is  joined  to  the  thorax  by  the  shoulder.  The  arm  i 
joined  to  the  forearm  at  the  elbow  [cubitus].  The  hand  includes:  wrist  [carpus] 
metacarpus,  with  palm  [vola  or  pahna]  and  back  [dorsum  manus].  The  fiv< 
fingers  [digiti  I-V]  include:  thumb  [poUex],  indea^  finger  [index];  middle  fingei 
[digitus  medius]  ring  finger  [digitus  annularis]  and  litUe  finger  [digitus  minimus]. 

Organ-systems. — Each  of  the  various  parts  of  the  body  above  outlined  i 
composed  of  various  organs,  and  the  groups  of  related  organs  make  up  organ 
systems. 

The  various  organ-systems  are  treated  as  special  branches  of  descriptive 
anatomy.  The  study  of  the  hones  is  called  osteology;  of  .the  ligaments  and  joints 
syndesmology  (or  arthrology) ;  of  the  vessels,  angiology;  of  the  muscles,  myology;  oi 
the  nervous  system,  neurology;  and  of  the  viscera,  splanchnology.  Further  subdivi- 
sions are  also  made.  The  viscera,  for  example,  include  the  digestive  tract,  respir- 
atory tract,  urogenital  tract,  etc. 

Tissues  and  cells. — The  body,  as  above  stated,  has  various  parts,  each  of  which  may  b< 
subdivided  into  its  component  systems  and  organs.  A  further  analysis  reveals  a  continue<i 
series  of  structural  units  of  gradually  decreasing  complexity.  Thus  each  organ  is  foimd  to  Con 
SLBt  of  a  number  of  tissues  ^epithelialj  connective,  muscular  or  nervous).  Finally,  each  tissue 
is  composed  of  a  group  of  similar  umts  called  osUs  which  are  the  ultimate  structural  units  oj 
the  body.  The  body  may  therefore  be  regarded  as  composed  of  myriads  of  cell  units,  organ- 
ized into  units  of  graaually  increasing  complexity^  very  much  as  a  social  community  is  composed 
of  individuals  organized  into  trades,  municipalities,  etc. 

Most  of  the  mdividual  tissues  can  be  recognized  by  their  gross  appearance.  In  fact,  the 
principal  tissues  were  first  demonstrated  by  Bichat  through  skilful  dissection,  maceration,  etc., 
and  without  the  aid  of  the  microscope.  The  cellular  structure  of  the  tissues  was  later  discovered 
by  Schwann  in  1839. 

Each  cell  is  composed  of  a  material  called  protoplasm,  a  viscid  substance  variable  in  appear- 
ance and  exceedingly  complex  in  chemical  composition.  It  readily  breaks  down  into  simpler 
chemical  compounds,  whereby  energy  (chiefly  in  the  form  of  heat  and  mechanical  energy)  is 
liberated.  It  has  also  the  power  of  absorbing  nutritive  material  to  build  up  and  replace  what 
was  lost.  Its  decomposition  results  from  stimuli  of  various  kinds,  and  hence  it  is  said  to  be 
irritable.  The  mechanical  energy  which  it  liberates  is  manifested  by  its  contractility,  especially 
in  the  muscle  cells.  It  excretes  the  waste  products  produced  bv  its  decomposition.  ESich  cell 
has  the  power,  under  favorable  conditions,  of  reproducing  itself  by  division.  Protoplann  pre- 
sentSj  in  short,  all  the  forms  of  activity  manifesto  by  the  body  as  a  whole;  and  indeed,  the 
activities  of  the  body  are  the  sum  of  the  activities  of  its  constituent  cells. 

In  the  protoplasm  of  each  cell  is  a  specially  differentiated  portion,  the  nudeus.  The 
nucleus  plays  an  important  part  in  regulating  the  activities  of  the  cytojiiUism,  the  general  proto- 
plasm of  the  cell  body.  The  nucleus  differs  from  the  cytoplasm  both  structurally  and  chem- 
ically, and  contains  a  very  important  substance,  chromatin,  which  during  cell  division  is  aggre- 
gated into  a  definite  number  of  masses  called  chromosomes.  Further  details  concerning  the 
cells  and  tissues  may  be  found  in  the  text-books  of  cytology  and  histology. 

In  earlier  days  human  anatomy  was  almost  entirely  a  descriptive  science,  but  little  attention 
being  paid  to  the  significance  of  structure^  except  in  so  far  as  it  could  be  correlated  with  physio- 
logical phenomena  as  they  were  at  the  time  understood.  In  recent  years  attention  has  been 
largely  paid  to  the  morphology  of  the  human  body  and  much  valuable  information  as  to  the 
meanmg  of  the  structure  and  relations  of  the  various  organs  has  resulted.  Since  the  form  and 
structure  of  the  body  are  the  final  result  of  a  series  of  complicated  developmental  changes,  the 
science  of  embryology  has  greatlv  contributed  to  our  present  knowledge  of  human  morpholog>% 
and,  accordingly,  an  account  of  some  of  the  more  important  phases  of  morphogenesis  and 
developmental  anatomy  will  form  a  fitting  introduction  to  the  study  of  the  adult. 

References. — General:  For  looking  up  the  literature  upon  any  anatomical  topic,  the  best 
guide  in  general  is  the  Jahresbericht  uber  die  Fortschritte  aer  Anatomic  und  Entwicklungsge- 
schichte,  which  contains  classified  titles  and  brief  abstracts  of  the  more  important  papers  in 
gross  anatomy,  histology  and  embryology.  Other  useful  aids  are  the  Index  Medicus  and  the 
catalogue  of  the  Surgeon  General's  Library  of  the  War  Dep't.  (Washington,  D.  C).  The 
latter  two  contain  titles  only,  but  cover  the  whole  field  of  medicine.  The  Concilium  Biblio- 
^raphicum  also  provides  a  convenient  card-index  system  of  references  for  the  biological  sciences, 
including  Anatomy.  For  nomencUUure:  His,  Archiv  f.  Anat.,  1896  (BNA  system)*  Barker, 
Anatomical  Nomenclature;  Eycleshymer,  Anatomical  Names.  Cells  and  tissues:  Wilson,  The 
Cellj  Hertwig,  Zelle  und  Gewebe  (also  English  transl.):  Schaefer,  Microscopic  Anatomy  (in 
Quain's  Anatomy,  11th  ed.);  Heidenhain,  Plasma  und  Zelle;  Kdlliker,  Gewebelehre;  Prenant, 
Bouin  et  Maillard,  Traits  d' Histologic. 
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DEVELOPMENTAL  ANATOMY 

Rewritten  fob  the  Sixth  Edition 
By  RICHARD  E.  SCAMMON,  Ph.D.  • 

PROPSaSOB  OP  ANATOIfT,  UNIVSBSITT  OP  MINNXSOTA 

THE  life  histoiy  of  man,  in  common  with  most  higher  organisms,  is  character- 
ized by  continuous  change  and  presents  a  cycle  in  which  may  be  recognized 
the  succeeding  phases  of  growth  and  differentiation,  maturity,  and  old  age 
or  senescence.  In  man  nearly  one-third  of  the  traditional  span  of  life  is  required 
for  the  body  to  reach  its  full  size  and  differentiation.  This  portion  of  the  human 
life  cycle  may  be  called  the  developmental  period,  and  the  study  of  the  structure 
of  the  body  and  its  changes  in  this  time  may  be  termed  developmental  anatomy. 
Divisions  of  the  developmental  period. — The  developmental  period  is  divided 
by  the  incident  of  birth  into  prenatal  and  postnatal  epochs  and  in  these  a  number 
of  more  or  less  arbitrarily  defined  subdivisions  may  be  recognized.  The  divisions 
of  the  developmental  period  are  shown  on  the  following  table.  In  this  scheme 
puberty  is  regarded  only  as  a  transition  point  between  later  childhood  and 
adolescence.  The  length  of  the  developmental  period  and  of  its  several  sub- 
divisions varies  greatly  with  sex,  race,  environment,  and  physical  constitution. 
A  distinction  is  often  drawn  between  the  anatomic  or  physiologic  age  of  the 
individual,  as  indicated  by  the  degree  of  physical  development  of  the  body, 
and  the  calendar  or  chronologic  age.  As  females  pass  through  most  of  the 
transitions  of  the  developmental  period  a  little  earlier  than  do  males  the  physio- 
logic age  of  girls  is  usually  somewhat  greater  than  that  of  boys  of  the  same 
calendar  age. 

DIVISIONS  OF  THE  DEVELOPMENTAL  PERIOD  IN  MAN 


Prenatal  life 


Period  of  the  ovum. 

From  fertilization  to  the  close  of  the  second  week  of  prenatal  life. 
Period  of  the  embryo. 

From  the  close  of  the  second  week  to  the  close  of  the  second  (lunar)  month. 
Period  of  the  fetus. 

From  the  close  of  the  second  (lunar)  month  to  birth  at  10  lunar  months. 
Birih 
Period  of  the  newborn  (Neonatal  period). 

From  birth  to  the  close  of  the  second  (postnatal)  week. 
Infancy. 

From  2  weeks  to  the  close  of  the  first  year  or  until  the  habitual  assumption 
of  the  erect  posture  (usually  in  the  thirteenth  or  fourteenth  month). 
Early  childhood  (Mdk-tooth  period). 

From  I  to  6  years. 
Middle  childhood. 

From  6  to  9  or  10  years. 
Lcder  childhood  (Prepuberal  period. 

From  9  or  10  years  to  12-15  years  in  females  and  13-16  years 
in  males. 

Puberty 
Fourteenth  year  in   females.    Sixteenth  year  in  males.     (According   to 
American  data.) 
Adolescence. 

From  puberty  to  the  last  years  of  the  second  decade  in  females  and  to  the 
first  years  of  the  third  decade  in  males. 

Growth  and  differentiation. — The  changes  which  characterize  the  develop- 
mental period  do  not  take  place  at  the  same  time  or  at  equal  rates  in  all  regions 
of  the  body,  for  each  organ  and  part  has  its  own  peculiar  life  cycle.     In  a  few 
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Postnatallife 


Childhood 
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organs,  such  as  the  mesonephros  of  the  embryo,  this  cycle  is  very  short.  Other 
organs  persist  during  childhood  and  then  decline,  while  the  sreat  majority  continue, 
with  varying  degrees  of  change,  throughout  postnatal  life. 

The  characteristic  life  cycle  of  the  various  organs  depends  upon  the  changes  in  the  stnic- 
tural  units  which  compose  them  and,  in  the  last  analysis,  upon  tne  growth,  and  differentiation 
of  their  constituent  ceUs.  Each  cell  has  a  definite  life  circle,  an  early  period  of  rapid  and  vigor- 
ous changes,  later  periods  of  differentiation  and  maturity,  followed  bv  stages  of  degeneration 
and  death.  This  cvcle  of  cell  changes  is  termed  cytomorphosia.  The  len^h  of  life  cvcle  of  the 
various  types  of  cells  in  the  body  differs  greatly,  some  of  the  blood  cells  livmgprobabfy  a  month 
or  less  while  certain  brain  cells  may  survive  throughout  postnatal  life.  The  growth  of  cells 
may  take  place  either  by  the  enlargement  (hypertrophy)  of  individual  cells  or  by  the  multipli- 
cation (hyperplasia)  of  cells  by  mitosis.  Cell  division  is  necessary  for  continued  cell  growth 
for  otherwise  the  cell  would  soon  reach  a  size  where  its  surfieuse  would  be  inadequate  (for  nutri- 
tive, respiratory  and  excretory  purposes)  to  its  mass.  In  general,  however,  cell  division  is 
most  active  in  the  early  embryonic  periods,  during  which  the  cells  remain  small.  Later,  cell 
division  diminishes  or  ceases,  and  growth  is  due  chiefly  to  the  enlargement  of  cells  already 
present.  The  growth  of  the  structural  units  of  organs  also  follows  this  general  rule,  the  pro- 
duction of  new  units  being  confined  mainly  to  fetaiand  early  postnatal  life. 

While  the  functional  and  structural  differentiation  of  cells  and  structural  units  may  take 
place  during  the  period  of  their  rapid  multiplication  these  processes  are  usually  partially  disasso- 
ciated and  the  phase  of  active  differentiation  comes  some  time  after  the  period  of  most  active 
growth. 

THE  EARLY  DEVELOPMENT  OF  THE  EMBRYO 

The  germ-cells  and  fertilization. — The  period  of  development  in  man,  as 
in  the  great  majority  of  multicellular  animab,  is  inaugurated  by  the  process  of 
fertilization  which  consists  of  the  union  of  the  male  germ-cell  or  spermatozoon 
with  the  female  germ-cell  or  ovum. 

The  ovum  and  spermatozoon  are  differentiated,  by  the  process  of  maturation, 
from  certain  more  primitive  germ-cells  set  aside  from  the  general  body  or  somatic 
cells  at  an  early  period  in  development.  In  maturation  both  the  ovum  and 
spermatozoon  undergo  profound  nuclear  changes  and  each  becomes  highly 
specialized  in  form  and  structure  for  its  part  in  the  fertilization  process. 

The  ripe  spermatozoon  or  sperm  is  a  slender  lance-like  structure  0.05  or  0.06 
mm.  long  (fig.  3). 

The  ripe  human  ovum  or  egg-cell  is  a  spheroidal  body  whose  greatest  diam- 
eter is  approximately  0.1  mm.  (fig.  2).  It  contains  a  nucleus  about  0.02  mm. 
in  diameter  which  is  generally  slightly  eccentric  in  position.  Suspended  in  the 
protoplasm  of  the  cell-body  are  numerous  droplets  and  granules  which  are  presum- 
ably reserve  food  substances.  The  ovum  is  bounded  by  a  delicate  vitelline 
membrane. 

Fertilization  has  not  been  observed  in  man  but  it  has  been  studied  in  detail 
in  several  mammals  and  it  is  most  probable  that  the  process  is  essentially  the 
same  in  all  higher  forms.  After  escaping  from  the  ovary  through  the  rupture 
of  the  Graafian  foUicle  the  ovum  enters  the  ostium  of  the  uterine  tube  and  passes 
down  the  lumen.  The  union  of  the  ovum  with  the  spermatozoon  probably  takes 
place  in  most  cases  during  this  process. 

Segmentation  of  the  ovum. — The  fertilized  ovum  is  converted  into  a  solid 
ball  of  much  smaller  cells  by  a  series  of  cell-divisions.  This  process  is  known 
as  segmentation  and  the  mass  of  cells  resulting  from  it  is  called  the  monda.  Like 
fertilization,  segmentation  has  not  been  observed  in  man  and  our  concepts  of 
the  process  in  the  human  species  are  based  upon  observations  on  the  ova  of  lower 
animals.  It  is  probable  that  the  first  segmentation  divisions  are  equal  but 
that  the  later  ones  are  quite  irregular.  The  morula  which  results  from  them  is 
a  solid  body  at  first  but  an  eccentrically  placed  cavity  soon  appears  within  it 
and  the  structure  is  differentiated  into  an  outer  sheU,  the  iroyhoblasij  and  a 
cluster  of  cells  termed  the  inner  cell-mass.  The  inner  cell-mass  is  broadly  attached 
to  the  inner  surface  of  the  trophoblast  and  the  cavity  between  the  two  is  filled 
with  fluid  and  bridged  by  delicate  cellular  strands,  the  magma  reticulare. 

It  is  probable  that  after  fertilization  approximately  ten  days  are  required 
for  the  ovum  to  reach  this  stage  of  development.  During  this  period  the  ovum 
has  left  the  uterine  tube  and  has  come  to  rest  on  the  inner  surface  of  the  uterus. 
The  uterine  epithelium  in  contact  with  the  ovum  is  destroyed,  presumably 
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through  the  activity  of  the  cells  of  the  trophoblast,  and  the  ovum  sinks  into 
the  uterine  mucosa  and  is  inclosed  by  it.  Until  this  implantation  takes  place 
the  ovum  is  an  independent  organism  dependent  upon  its  own  scanty  reserve 
food  supply  for  nourishment.  Consequently  it  grows  little  if  any  during  this 
period.  With  implantation,  however,  the  ovum  becomes,  in  a  fashion,  a  parasite 
upon  the  maternal  organism  from  which  it  derives  its  nourishment  throughout 


Fig.  2. — Mature  Ovum,  with  Follicular  Cells,  op  a  Woman  36  Years   Old. 

Thompson.)     X500. 
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the  remainder  of  the  fetal  period.    With  the  establishment  of  this  relation  the 
ovum  enters  on  a  period  of  extremely  rapid  growth. 

Formation  of  the  embryonic  disk. — Two  spaces  now  appear  in  the  inner 
cell-mass,  an  upper  one,  the  amniotic  cavity  and  a  lower  one,  the  yolk-sac  cavity. 
These  are  separated  by  a  plate  of  cells,  the  embryonic  disk.  At  the  same  time  a 
distinct  layer  of  cells  is  differentiated  on  the  outer  surface  of  the  cell-mass.     This 


Fig.  3. — Mature  Spermatozoa. 
A,  frontal  view  showing  broad  surface  of  the  head:  B,  anterior  portion  in  side  view. 

Broman.)     X2500. 
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layer  is  the  extraembryonic  mesoderm.  It  is  probably  formed  in  part  from  the 
cells  of  the  inner  cell-mass  and  the  trophoblast  and  in  part  from  the  magma 
reticulare.  The  extraembryonic  mesoderm  forms  a  complete  lining  about  the 
original  cavity  of  the  morula  and  this  space  is  now  termed  the  extraembryonic 
celom.  As  the  extraembryonic  celom  is  established  the  magma  reticulare  dis- 
app>ears  and  the  connection  between  the  inner  cell-mass  and  the  trophoblast 
is  reduced  to  a  short  bridge  of  extraembryonic  mesoderm,  the  connecting  stalk 
.fig.  4). 
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Our  interest  is  centered  in  the  embryonic  disk,  for  the  embryo  is  entirely  a 
product  of  this  structure:  the  remainder  of  the  ovum  gives  rise  to  the  supporting 
or  nourishing  structures  for  the  developing  embryo  or  else  disappears  com- 
paratively early  in  prenatal  life. 

The  embryonic  disk  in  embryos  of  the  third  week  is  an  oval  plate  having  a 
maximum  diameter  of  about  0.2  mm.  It  consists  of  three  sheets  of  cells  called  the 
germ  layers.  The  upper  layer  or  ectoderm  forms  the  floor  of  the  amniotic  cavity 
and  becomes  continuous  with  the  walls  of  the  amnion  at  the  margins  of  the  em- 
bryonic disk.  The  lower  layer  or  entoderm  forms  the  roof  of  the  yolk-sac  and  is 
continued  as  the  walls  of  this  structure  at  the  periphery  of  the  embryonic  disk. 
The  middle  layer  or  mesoderm  forms  an  incomplete  plate  between  the  ectoderm 
and  entoderm.  At  the  margins  of  the  embryonic  disk  it  becomes  continuous 
with  the  extraembryonic  mesoderm  which  covers  the  outer  surface  of  the  inner 
cell-mass. 

The  subsequent  history  of  the  embryo  is  essentially  that  of  the  differentiation 
and  the  disposition  of  the  germ-layers.  Their  contributions  to  the  adult  body 
are  as  follows: 


FlQ.  5. — DiAOBAlf  OF  A  LONGITUDINAL  SECTION  THROUGH  THE  LONG  AXIS  OF  THE  ElCBRTONIC 

Disk  at  the  Time  of  Formation  of  the  PRiifrnvB  Streak  and  Neurenteric  Canal. 
(Based  in  part  on  the  figures  of  Ingalls  and  Streeter.) 

Connecting 
abilK  ^     .. 


Head  pncxxas 


Yolk-flAC  cavity 


From  the  ectoderm  are  formed : 
The  central  and  peripheral  nervous  system,  the  epithelial  internal  ear,  the  lens,  iris  and 
retina  of  the  eye.    The  epithelial  portion  of  the  skin  and  its  appendages. 

The  lining  of  the  buccal,  nasal,  and  a  part  of  the  pharyngeal  cavities;  the  enamel  of  the  teeth ; 
the  salivary  glands. 

The  linmg  of  the  anal  canal;  the  lining  of  the  vestibule  and  a  portion  of  the  urethra  in  the 
male,  with  associated  glands. 

The  anterior  lobe  of  the  hypophysis  cerebri;  the  pharyngeal  hypophysis.     The  paraganglia. 
Frtnn  the  entoderm  are  formed: 
The  lining  epithelium  of  the  digestive  tract,  with  the  exception  of  the  mouth,  a  part  of  the 

f>harynx,  and  the  anal  canal;  the  parenchyma  of  the  digestive  glands,  pancreas  and  hver.  The 
ining  of  the  laijnx,  trachea,  bronchi  and  lun^s. 

Tne  lining  of  a  portion  of  the  bladder;  the  Iming  of  the  female  urethra  and  a  part  of  the  male 
urethra,  with  associated  glands. 

The  parenchyma  of  the  thyroid  and  parathyroid  glands;  the  reticulum  and  the  thymic  cor- 
puscles of  the  thymus. 

From  the  mesoderm  are  formed : 

The  skeletal  and  musculfir  structures  and  the  connective  tissues  of  the  body. 

The  vascular  system;  the  lymphoid  and  sanguif active  organs. 

The  serous  membranes. 

The  genital  glands  and  their  ducts  and  accessory  structures.  The  kidneys,  ureters  and 
the  jgreater  part  of  the  bladder. 

The  dentine  and  cementum  of  the  teeth. 

The  cortex  of  the  suprarenal  glands.  ^^-^  j 

Early  changes  in  the  embryonic  disk. — ^The  first  indications  of  the  establish- 
ment of  the  embryo  on  the  germinal  disk  appear  early  in  the  third  week.    At  this 
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time  the  ectoderm  and  entoderm  in  the  posterior  part  of  the  longitudinal  axis  of 
the  disk  fuse  forming  a  band  of  cells  known  as  the  primitive  streak.  The  primi- 
tive streak  is  indented  by  a  dorsal  primitive  groove  (fig.  6).  It  terminates 
anteriorly  in  an  enlargement,  the  primitive  node,  and  from  the  node  a  mass  of 
cells,  the  head-process,  extends  forward  in  the  midline,  fusing  below  with  the 
entoderm  of  the  yolk-sac  in  this  region.  A  narrow  channel,  the  neurenteric 
canal,  pierces  the  primitive  node  and  connects  the  amniotic  cavity  with  the  yolk- 
sac  cavity.  The  neurenteric  canal  is  continuous  with  a  cleft  in  the  head-process 
termed  the  head-process  canal  (fig.  5).  As  these  changes  take  place  on  the  germi- 
nal disk  a  small  tubular  outgrowth,  the  allantois,  arises  from  the  posterior  end  of 
the  roof  of  the  yolk-sac  and  grows  upward,  behind  the  amnion,  into  the  con- 
necting-stalk. 

The  primitive  groove,  the  primitive  streak,  the  primitive  node,  neurenteric  canal,  and  head- 
process  are  ephemeral  structures  which  may  be  regarded  as  representing  a  highlv  modified 
process  of  gastrulation  in  the  human  embryo.  The  primitive  streak  and  node  and  the  head- 
process  join  the  mesoderm  laterally  and  presumably  contribute  cells  to  this  serm-laver.  The 
nead-process  also  gives  rise  to  a  longitudinal  rod  of  cells,  the  notochord,  which  forms  the  median 

Fig.  6. — Dorsal  View  op  the  Embryonic  Disk  and  Yolk-sac  of  an  Embryo  of  the  Early 
Part  of  the  Third  Week.     (After  Streeter.) 


Conneciing  staTK  and  allanrois 


longitudinal  axis  of  the  embryo  and  is  subsequently  associated  with  the  skeleton:  possibly  its 
ventral  part  is  incorporated  in  the  entoderm  of  the  yolk-sac.  With  this  distribution  of  its 
material  the  head-process  disappears  as  a  separate  structure.  The  primitive  streak  becomes 
relatively  shorter  with  the  growth  of  the  embryo  anterior  to  it  and  the  consequent  migration 
backward  of  the  primitive  node.  After  the  third  week  it  is  no  longer  recognizable.  The 
neurenteric  canal  is  normally  obliterated  in  the  third  week. 

The  topography  of  the  embryonic  disk. — Although  only  slight  signs  of  differ- 
entiation are  visible  on  the  surface  of  the  embryonic  disk  in  the  third  week  it  is 
possible  to  map  out  upon  it  more  or  less  definite  areas  corresponding  to  all  of  the 
various  regions  of  the  future  body,  as  shown  in  fig.  7.  Beginning  anterioriy,  the 
head  region  is  relatively  enormous  in  size,  occupying  the  entire  area  in  front  of  the 
primitive  node  and  forming  about  half  of  the  entire  disk.  The  cervical,  thoracic, 
lumbar,  and  sacrococcygeal  regions  appear  successively  smaller,  approaching  the 
posterior  end  C tail-bud')  of  the  primitive  streak.  It  is  also  a  striking  fact  that 
the  future  dorsal  region  of  the  body  wall,  corresponding  to  the  central  portion  of 
the  disk,  along  each  side  of  the  midline,  is  now  larger  than  the  ventrolateral 
regions,  which  occupy  a  relatively  narrow  zone  around  the  periphery  of  the  disk. 

Early  changes  in  the  germ  layers. — The  definitive  embryo  is  formed  by  the 
rapid  growth  of  the  dorsal  region  of  the  embryonic  disk  and  by  a  series  of  folds  and 
cleavages  of  the  germ-layers  of  this  area.     The  ectoderm  plays  a  most  active  part 
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in  these  early  transformations.  Shortly  after  the  primitive  streak  is  established, 
the  ectoderm  along  the  midhne  of  the  embryonic  disk  is  thickened  into  a  neural 
plate  which  extends  from  the  primitive  node  to  the  anterior  end  of  the  disk. 
The  lateral  margins  of  the  plate  grow  rapidly  and  rise  from  the  surface  of  the 
disk  as  a  pair  of  longitudinal  neural  folds  or  ridges  which  bound  a  shallow  neural 
groove  (figs.  8  and  \2A).  The  neural  plate  is  converted  into  the  neural  tube  by 
the  further  growth  of  the  neural  ridges  which  fold  over  the  neural  groove  and  fuse 
in  the  midline.  This  process  begins  in  the  future  cervical  region  and  extends 
forward  and  backward  from  this  level  (fig.  12-4).    The  extreme  anterior  and 

Fig.  7. — Topography  of  the  Embryonic  Disk.  Diagram  of  relations  at  the  length  of  about 
1  mm.  ng,  neural  groove,  pn,  primitive  node,  pp,  primitive  pit.  U,  upper  limb.  L, 
lower  limb. 


posterior  ends  of  the  tube  remain  open  for  a  time  as  the  anterior  and  posterior 
neuropores.  With  their  subsequent  closure  the  walls  of  the  tube  are  completed 
and  its  cavity  is  entirely  separated  from  the  amniotic  cavity.  The  neural  tube 
gives  rise  to  the  brain,  spinal  cord,  and  retinas  and  optic  nerves.  Its  further 
history  is  considered  in  connection  with  the  nervous  system. 

The  ectoderm  which  covers  the  periphery  of  the  embryonic  disk  is  carried  over 
the  dorsal  surface  of  the  neural  tube  with  the  infolding  of  the  neural  ridges.  It 
forms  the  external  covering  of  the  embryo. 

The  entoderm. — As  the  neural  plate  is  formed  from  the  ectoderm,  on  the 
upper  surface  of  the  embryonic  disk,  the  entoderm  lying  below  this  region  is 
folded  into  the  primitive  digestive  tube  or  archenteron.  In  embryos  of  the  latter 
part  of  the  third  week  three  divisions,  the  foregut,  the  hindguty  and  the  midgut  may 
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be  recognized  in  this  structure  (figs.  4^,  4F).  The  midgut  is  a  shallow  groove 
still  broadly  connected  with  the  yolk-sac,  the  foregut  is  a  pocket-like  projection 
from  the  midgut  extending  forward  under  the  anterior  part  of  the  neural  plate, 
and  the  hindgut  is  a  similar  but  shorter  projection  which  extends  into  the  caudal 
region  of  the  developing  embryo. 

With  the  further  growth  of  the  archenteron  the  foregut  and  hindgut  become 
considerably  elongated  and  the  connection  of  the  midgut  with  the  yolk-sac  is 
reduced  to  a  short,  wide  yolk-stalk.  In  this  process  the  upper  part  of  the 
posterior  wall  of  the  yolk-sac  is  incorporated  in  the  floor  of  the  hindgut,  and  the 
allantois  now  takes  origin  from  this  part  of  the  archenteron  instead  of  the  yolk- 
sac.  The  later  history  of  the  entoderm  will  be  considered  in  connection  with 
the  development  of  the  digestive  and  respiratory  tracts. 

Fig.  8. — Human  Embryo  1.64  mm.  Long.     Viewed  from  above,  the  roof  of  the  amniotic 
cavity  having  been  removed.     (Minot,  after  Graf  Spee.) 
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The  mesoderm. — The  mesoderm  of  the  human  embryo  appears  to  have  a 
dual  origin  being  formed  primarily  from  the  extraembryonic  mesoderm  of  the 
inner  cell-mass  and  secondarily  from  the  primitive  streak,  primitive  node,  and 
head-process.  After  the  formation  of  the  notochord  the  mesoderm  takes  the 
form  of  a  pair  of  plates  which  he  on  either  side  of  the  longitudinal  embryonic 
axis  and  which  are  continuous  laterally  with  the  extraembryonic  mesoderm  cover- 
ing the  amnion  and  yolk-sac.  Behind  the  primitive  node  these  plated  fuse  with 
the  primitive  streak  across  the  midline  of  the  embryonic  disk  but  anterior  to  the 
node  they  are  separated  by  a  medial  space  which  contains  the  notochord  (figs. 
9,  10.) 

Some  of  the  later  changes  in  the  mesoderm  are  shown  in  fig.  10.  Each  plate 
of  mesoderm  is  divided  by  a  longitudinal  groove  into  three  parts.  These  are  (1) 
a  narrow  medial  strip,  the  medial  or  paraxial  mesoderm,  (2)  the  intermediate 
mesoderm  which  forms  a  slender  cord  lying  beneath  the  longitudinal  groove, 
and  (3)  a  broad  band  of  lateral  mesoderm.  The  medial  mesoderm  is  subdivided 
by  a  series  of  transverse  clefts  into  a  row  of  blocks  or  segments  known  as  the 
mesodermic  somites.  At  the  same  time  the  lateral  mesoderm  splits  into  an  upper 
(outer)  or  somatic  layer  and  a  lower  (inner)  or  splanchnic  layer.  The  Tspace 
between  these  two  layers  is  the  embryonic  body  cavity  or  celom.  It  becomes 
continuous  with  the  extraembryonic  celom  at  the  lateral  margins  of  the  embryonic 

disk.  uigiTizea  oy '^^JV^v^'aCi^ 
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The  appearance  of  the  mesodermic  somites  marks  the  begimiing  of  metamer- 
ism, the  arrangement  of  the  body  in  successive  segments  or  metameres.  The 
somites  form  first  in  the  occipital  region  and  rapidly  differentiate  in  the  cranio- 
caudal  direction.  In  embryos  7  or  8  mm.  in  length  about  40  pairs  of  somites  can 
be  distinguished. 

The  anterior  end  of  the  medial  mesoderm,  which  is  continued  into  the  head 
region,  does  not  undergo  segmentation  in  the  human  embryo.  From  it  are 
formed  the  cranial  bones,  certain  of  the  muscles  of  the  head  and  connective 
tissue. 

Fig.  9. — Cross-sbctionb  op  a  Series  of  Young  Human  Embryos.     All  drawn  at  the  same 
magnification.     (Slightly  modified  from  Graf  Spee.) 

A,  embryo  of  the  middle  of  the  third  week.  B,  embryo  of  the  end  of  the  third  week.  C, 
embryo  of  the  early  part  of  the  fourth  week.  D,  embryo  of  the  latter  part  of  the  fourth  week. 
E,  embryo  of  the  fifth  week.  A.c,  amniotic  cavity.  C.st.,  connecting  stalk.  Y.s.,  yolk-sac. 
The  mesoderm  is  indicated  in  stipple. 


A  small  cavity,  the  myocele  appears  in  the  center  of  each  somite  and  the  wall 
separates  into  an  upper  lateral  part,  the  dermomyotome,  and  a  lower  medial  part, 
the  sclerotome.  From  the  dermomyotomes  are  formed  the  voluntary  muscles  of 
the  trunk,  neck,  and  a  part  of  the  head;  while  the  sclerotomes  take  part  in  the 
development  of  the  axial  skeleton.  Probably  both  parts  of  the  somite  contribute 
cells  to  the  mesenchyma  which  forms  the  connective  tissue  of  the  body  wall,  and 
the  supporting  structures  and  voluntary  muscles  of  the  limbs. 

The  greater  part  of  the  intermediate  mesoderm  is  also  divided  into  segments  or 
nephrotomes  (corresponding  to  the  somites),  portions  of  which  form  the  transitory 
uropoietic  organs,  the  pronephros  and  mesonephros.  The  posterior  part  of  the 
intermediate  mesoderm  remains  unsegmented  as  the  nephrogenic  cord  which  is 
later  involved  in  the  development  of  the  permanent  kidney. 
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The  lateral  mesoderm  shows  no  evidences  of  segmentation.  The  lateral 
cavities  which  are  formed  between  its  upper  and  lower  layers  soon  lose  their 
connection  with  the  extraembryonic  body  cavity  and  fuse  in  the  midUne,  forming 
the  general  celom  to  be  described  later. 

Fig.  10. — Stereograms  Illustrating  the  Early  Changes  in  the  Mesodibrm. 
Intm.mes.,    intermediate    mesoderm.     Lat.mes.,    lateral    mesoderm.     Nch.,  notochord. 
Sm.mes.y  somatic  layer  of  lateral  mesoderm.     Sp.mes.,  splanchnic  layer  of  lateral  mesoderm. 
Ectoderm,  yellow;  mesoderm,  green;  entoderm,  red. 


THE  DEVELOPMENT  OF  THE  EXTERNAL  BODY-FORM 

The  early  transformations  of  the  germ-layers  convert  the  embryonic  disk 
into  a  cylindrical  structure  which  is  only  partially  connected  with  yolk-sac  and 
connecting  stalk  (fig.  11).  The  cylindrical  body  wall  now  encloses  two  tubes 
(neural  and  enteric)  with  a  longitudinal  axis  (notochord)  between  them,  and  is 

Fig.  11. — Diagrams  Illustrating  the  Development  of  the  Embrtonic  Membranes  and 
THE  Formation  op  the  Umbilical  Cord.     (After  Lewis.) 
al.,  allantois.     am.,  amnion,     am.c,  amniotic  cavity,     cho.,  chorion,     coe.,  celom.     Y.s., 
yolk-sac. 


cho. 


covered  by  an  outer  layer  of  skin-ectoderm  which  is  continuous  along  the  sides 
of  the  embryo  with  the  ectoderm  of  the  amnion.  The  head  is  relatively  large 
and  IS  separated  from  the  disk  below  it  by  a  deep  head  fold.     The  caudal  end 
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of  the  embryo  is  prolonged  into  a  short  tail-bud  which  is  also  marked  off  from  the 
disk  by  a  shallow  tail-fold.  The  middle  portion  or  trunk  is  still  widely  connected 
with  the  disk,  but  its  boundaries  are  indicated  by  distinct  lateral  folds. 

The  embryo  becomes  further  separated  frpm  the  other  structures  derived  from 
the  inner  cell-mass  by  the  deepening  of  the  head,  tail,  and  lateral  folds;  and  its 
connection  with  these  structures  is  reduced  to  a  slender  umbilical  cord.  This 
cord  contains  the  allantois  and  yolk-stalk  (with  their  surrounding  mesoderm) 
and  is  covered  by  the  ectoderm  which  is  reflected  from  the  amnion  upon  the 
external  surface  of  the  embryo. 

Fig.  12. — A,  Human  Embryo  2.11  mm.  Long.    (From  a  Model  by  Eternod.)    B,  Human 
Embryo  4.2  mm.  Long,  Showing  Three  Branchial  Grooves.     (After  His.) 


Optio  vesicle 


Olfactory  plate 


Auditory  vesicle 
Branchial  grooves 


^ 't^ner  limb 


Mesodermic  somite 


Coincident  with  these  changes^  the  longitudinal  axis  of  the  embryo  is  modified 
by  the  formation  of  a  series  of  flexures  or  bends.  The  head  is  flexed  on  the  trunk 
first  by  an  anterior  cephalic  flexure,  and  soon  after  by  a  more  posterior  cervical 
flexure,  and  the  caudal  part  of  the  trunk  and  the  tail  are  bent  downward  in  a 
semicircular  curve  (fig.  12B).  Later  the  rapid  growth  of  the  dorsal  region  throws 
the  entire  body  into  a  partial  spiral  (coiled  either  to  the  right  or  left)  so  that  its 
outline,  when  seen  in  lateral  view,  may  be  almost  circular  (fig.  13). 

The  ventral  part  of  the  body  increases  in  size  very  rapidly  in  the  second 
fetel  month  through  the  great  growth  of  the  contained  viscera.  With  this  growth 
the  axis  of  the  trunk  is  straightened  and  the  cervical  flexure  partially  e  liminated 
The  cephalic  and  caudal  flexures  are  never  completely  obliterated,  although  the 
latter  is  obscured  by  the  growth  of  the  lower  limbs;  and  the  external  evidences  of 
the  former  are  masked  by  the  subsequent  changes  in  the  proportions  of  the  head 
and  face. 

A  well  marked  tail  appears  which  in  embryos  7  to  8  mm.  long  may  be  nearly 
one-sixth  as  long  as  the  body.  Regression  of  the  tail  structure  begins  in  the 
sixth  week  and  by  the  ninth  week  it  has  usually  entirely  disappeared.      ^^^^ 

Deveploment  of  the  head  and  neck. — The  head  is  divisible  from  an  early 
8tag^,  into  a  neural  portion  including  the  brain,  eyes  and  internal  ears  with  their 
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supporting  structures,  and  a  facial  or  visceral  part  which  contains  the  anterior 
termination  of  the  digestive-respiratory  tract.  The  growth  and  diflferentiation 
of  these  two  portions  are  quite  dissimilar.  The  neural  portion  is  by  far  the  larger 
in  the  young  embryo  and  this  predominance  is  never  completely  lost  although  it  is 
greatly  reduced  during  both  fetal  and  postnatal  life  by  the  growth  of  the  accessory 
structures  of  the  mouth,  nose  and  pharynx. 

Fig.  13. — Human  Embryo  4.02  mm.  Long.    (After  Hochstetter.j 


In  the  fourth  and  fifth  weeks  the  visceral  portion  of  the  head  undergoes 
marked  external  changes.  A  median  oral  sinus  or  embryonic  mouth  is  formed 
on  the  ventral  surface,  and  anterior  to  the  sinus  a  pair  of  small  nasal  pits.  The 
nasal  pits  are  bounded  laterally  by  lateral  nasal  processes;  and  a  broad  medial 
process  separates  them  and  extends  downward  forming  the  middle  part  of  the 
upper  boundary  of  the  oral  sinus.  The  remainder  of  the  margin  of  the  oral 
sinus  is  formed  from  the  mandibular  and  maxillary  processes  of  the  first  branchial 

Fig.  14. — Human  Embryo  11.5  mm.  Long.     (After  Minot.) 


arch,  the  maxillary  processes  forming  the  lateral  thirds  of  the  upper  boundar}* 
and  he  mandibular  processes  the  entire  lower  margin.  The  maxillary  and  medial 
nasal  processes  are  separated  for  the  time  by  shallow  lacrimal  grooves  (figs. 
13,  14  and  17). 

The  margins  of  the  sinus  are  completed  by  the  coalescenccfTrf^ePfaiandibular 
processes  below  and  the  fusion  of  the  maxillary  and  medial  nasal  processes  above. 
The  definitive  nose  is  formed  by  the  fusion  of  the  lateral  and  medial  nasal  proc- 
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esses  at  the  lower  margins  of  the  nasal  pits  and  the  subsequent  growth  of  the 
medial  process,  particularly  in  the  midline  above  the  nares.  The  later  develop- 
ment of  the  external  features  of  the  face  is  illustrated  by  the  series  of  outlines  in 
fig.  18. 

Fig.  15. — A,  Outlines  of  Average  Humak  Ova  fbom  3  to  8  Weeks  Old,  One-half  Natural 
Size.  B,  Outunes  of  Human  Embbtos  from  the  Third  to  the  Eighth  Week,  En- 
larged 2.5  Times.    {Aiter  Evans.) 


As  these  changes  take  place  in  the  facial  region  the  lateral  surfaces  of  the  neck 
are  indented  by  a  series  of  four  (paired)  branchial  (visceral)  grooves  which  are 
separated  by  thebranchial  arches.  The  upper  part  of  the  first  of  these  grooves  is 
deepened  to  form  the  external  avditory  meatus,  the  margins  being  elevated  to  form 
the  auricle.  The  region  corresponding  to  the  second,  third,  and  fourth  grooves 
becomes  depressed,  forming  the  cervical  sinus  which  soon  closes  over  and  nor- 
mally disappears. 

Fig.  16. — Figures  Illustrating  the  Changes  in  Proportions  during  Prenatal  and 

Postnatal  Growth.     (After  Stratz.) 


3  mo.  (fcetal) 


5  mo. 


Newborn 


6  yrs. 


asyrs. 


Development  of  the  trunk. — In  the  young  embryo  the  trunk  appears  as  a 
cylindrical  body  flattened  from  side  to  side  and  exhibiting  externally  the  model- 
ing of  the  viscera  contained  within  it.  In  fetal  life,  with  the  development  of  the 
skeleton  and  trunk  musculature  and  the  rounding  of  the  visceral  mass,  it  takes 
on  an  ovoid  form  largest  at  the  level  of  the  umbilicus  and  almost  circular  in 
cross  section.     In  spite  of  the  changes  in  the  form  and  relative  proportions  of  the 
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contained  viscera,  the  relative  proportions  of  the  trunk  remain  almost  unchanged 
from  the  close  of  the  third  fetal  month  until  birth.  In  the  early  part  of  infancy, 
also,  there  is  little  change  in  the  form  of  the  trunk,  but  after  the  assumption  of  the 
erect  posture  there  is  a  reduction  of  the  relative  anteroposterior  diameter  of  both 
the  thoracic  and  abdominal  regions  accompanied  by  a  decrease  in  the  relative  size 

Fig.  17. — Development  op  the  Face  in  the  Second  Fetal  Month.     (From  a  series  of 
models  made  in  the  Department  of  Embryology  of  the  Carnegie  Institution.) 
L.N.,  lateral  nasal  process.  Md.,  mandibular  process.  M.N.,  medial  nasal  process.  N.P., 
nasal  pit.     Mx.,  maxillary  process. 


of  the  umbilical  region  and  a  relative  increase  in  the  lumbar  region.    These 
changes  continue  throughout  childhood  and  early  adolescence. 

Development  of  the  extremities. — The  limbs  appear  about  the  third  week 
of  fetal  life  as  short  ridges  which  project  from  the  lateral  surfaces  of  the  cranial 
and  caudal  ends  of  the  trunk.  Each  ridge  is  differentiated  into  a  limb-bud  in 
which  may  be  recognized  a  flattened  distal  segment  representing  the  hand  or 

Fig.  18. — A  Series  of  Profiles  Illustrating  the  Changes  in  the  Form  and  Proportions 
OF  THE  Face  in  the  Developmental  Period.    (After  Peter.) 


Sj^wka    6wk6.    lOwks.      Dwlto      Nb    4/cyn5.  j|yr:>.  Adult 


foot,  and  a  rounded  proximal  segment  representing  the  remainder  of  the  Hmb. 
The  latter  is  again  divided  by  a  slight  constriction  into  a  distal  part,  'correspond- 
ing to  the  forearm  or  leg,  and  a  proximal  part  corresponding  to  the  arm  or  thigh. 
The  digits  are  formed  as  radiating  ridges  on  the  lateral  surfaces  of  the  hand  and 
foot  segments.  As  these  ridges  grow  more  rapidly  than  the  bodies  of  these 
segments  they  soon  project  beyond  their  margins  as  definitive  fingers  or  toes. 

The  axes  of  the  limbs  undergo  three  main  changes  in  position  in  their  early 
development.     At  first  the  limb-buds  project  outward  at  right  angles  to  the 
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Fig.  19. — Development  of  the  Upper  Extremity.     (After  Retzius.) 
A,  anterior  limb-bud  of  an  embryo  12  mm.  long.     B,  anterior  limb-bud  of  an  embryo  15  m. 
long.     C,  anterior  limb-bud  of  an  embryo  16  mm.  long.     D,  forearm  and  hand  of  an  embryo 
25  mm.  long.     £,  hand  of  a  fetus  52  mm.  long.     All  X6. 


ft 


n 
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Fig.  20. — Development  op  the  Lower  Extremity.     (After  Retzius.) 
A,  Posterior  limb-bud  of  an  embryo  17  mm.  long.     B,  posterior  limb-bud  of  an  embryo  19 
nm.  long.     C.  leg  and  foot  of  an  embryo  25  mm.  long.     D,  foot  of  a  fetus  52  mm.  long.     All 
X6. 
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lateral  surface  of  the  body.  Later  they  are  bent  caudally  and  ventrally  so  tha 
their  former  ventral  surfaces  face  medially.  And  finally  each  limb  is  rotate 
about  its  long  axis  through  an  angle  of  approximately  90  degrees.  This  rotatio 
takes  place  in  opposite  directions  in  the  arm  and  leg.  The  arm  is  turned  outwar 
so  that  the  thumb  comes  to  lie  on  the  lateral  (outer)  margin  of  the  limb  and  th 
palm  faces  ventrally  (in  supination),  while  the  leg  rotates  inward  and  the  grea 
toe  comes  to  he  on  the  medial  margin  of  the  limb,  and  the  plantar  surface  of  th 
foot  faces  dorsally. 

In  embryonic  life  the  development  of  the  arm  precedes  that  of  the  leg  and  it  i 
not  until  after  birth  that  the  lower  extremity  exceeds  the  upper  one  in  length 
In  postnatal  life  the  lower  hmb  increases  in  length  more  rapidly  than  the  uppei 
at  about  two  years  their  length  is  equal  and  in  the  adult  the  lower  limb  is  abou 
one-sixth  longer  than  the  upper.  The  adult  relations  of  the  different  segments  c 
the  limbs  (arm,  forearm  and  hand,  and  thigh,  leg  and  foot)  are  practically  estal 
Ushed  early  in  prenatal  life  although  there  is  some  reduction  in  the  relative  lengt 
of  the  hand  and  height  of  the  foot  in  the  postnatal  period. 


THE  GROWTH  OF  THE  BODY  AND  ITS  PARTS 

Growth  of  the  body  in  weight. — ^^The  diameter  of  the  ripe  human  ovum  i 
approximately  0.1  mm.  Consequently,  if  the  egg-cell  is  considered  as  a  perfee 
sphere,  its  volume  is  about  0.0000005  cc.  and  its  weight,  assuming  the  specifi 
gravity  to  be  1.0,  is  about  0.0000005  gm.  If  the  average  weight  of  the  body  in  th 
third  decade  be  considered  as  65  kilos  (about  143  pounds)  we  may  estimate  th 
total  increment  in  the  body-weight  during  the  developmental  period  at  about  13^ 
bilUon-fold.  Considered  from  this  point  of  view  almost  all  of  the  weight  incre 
ment  takes  place  in  prenatal  life,  for  in  this  period  the  body  increases  in  mas 
about  6.5  billion  times  while  from  birth  to  maturity  the  gain  is  but  twenty-fold 
From  the  standpoint  of  absolute  growth,  on  the  other  hand,  the  body  acquirei 
about  5  per  cent,  of  its  adult  weight  before  birth  and  about  95  per  cent,  thereafter 
The  growth  of  the  body  in  weight  is  indicated  in  the  following  tables. 

Growth  in  length. — Growth  in  length  has  certain  characters  in  common  will 
growth  in  weight  although  the  relative  lineal  increase  of  the  body  in  the  develop 
mental  period  is  obviously  much  smaller  than  the  relative  growth  in  mass 

At  the  end  of  the  first  fetal  month  the  length  of  the  embryo  is  approximateh 
0.25  cm.  This  is  increased  10-fold  in  the  second  fetal  month  but  thereaftei 
the  relative  rate  of  growth  becomes  progressively  slower.  The  period  of  mosi 
rapid  absolute  growth  in  length  is  in  the  fourth  fetal  month,  during  which  then 
is  a  gain  of  about  8  cm.  (from  10  cm.  in  the  twelfth  week  to  18  cm.  in  the  six 
teenth).  After  this  there  is  a  gradual  decline  in  the  absolute  as  well  as  th( 
relative  rate  of  lineal  increase. 

Prenatal  Growth  in  Length  and  Weight 


Age  in 

lunar 

months 


Crown-rump  or 

sittins  height 

(Mall),  cm. 


Crown-heel  or 

standing  height 

(Mall),  cm. 


Weight  at  end  of 
month,  grams 


Ratio  of  increase 
I  to  weight  at  be- 
I  ginning  of  month 


0 

(diameter  of  ovum  1 .  . 

..1  (Ovum  =  0.0000005  g.) 

=  0.1  mm.)         i 

< 

I 

0.25             1 

0.25 

i                    0.004 

7999.99 

II 

2.5               ' 

3.0 

;               2.0 

499.0 

III 

6.8 

9.8 

j                   24.0 

11.0 

IV 

12.1               1 

18.0 

1                 120.0 

4.0 

v 

16.7 

25.0 

330.0 

1.75 

VI 

21.0 

31.5 

600.0 

0.82 

VII 

24.5 

37.1 

1000.0 

0.67 

VIII 

28.4               1 

42.6 

1600.0 

0.60 

IX 

31.6 

47.0 

2400.0 

0.50 

♦X 

33.6 

50.0 

3200  J,  ,y 

Goc 

ale    ^-^ 

'270  days  (Mall). 
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vERAOE  Physical  Measurbmbnts  of  American  Children  in  the  First  Foitr  Years  of 
Postnatal  Life.     (Based  in  part  on  the  figures  of  Crum  and  Taylor.) 


Age 


Sex 


Weight, 
pounds 


Height, 
inches 


Chest  girth, 
inches 


3  years 


Girls. 


30.5 


36.7 


20.4 


Head  girth, 
inches 


Birth 

'Boys 

'          7.3 

20.5 

13.0 

14,0 

Girls 

7.1 

20.0 

12.9 

13.8 

6  months 

,  Boys 

18.0 

j 

26.5 

17.4 

17.4 

Girls 

16.7 

25.9 

17.1 

17.1 

12  months 

Boys 

21.9 

29.4 

18.6 

18.5 

Girls 

20.7 

28.9 

18.1 

18.0 

18  months 

Boys 

24.6 

31,7 

19.1 

19.1 

'Girls 

,         23.4 

31.1 

18.6 

18.5 

2  years 

Boys 

......        27.1 

33.7 

19.5 

19.4 

Girls 

26.4 

33.4 

19.4 

19.0 

[  Bovs 

32.2 

37.1 

20.6 

19.9 

19.4 


4  years 


Boys. 


35.9 


39.5 


21.1 


,  Girls. 


33.7 


39.0 


20.4 


20.1 


19.7 


Growth  in  Relative  Volume  of  the  Parts  of  the  Body. 
In  per  cent,  of  the  total  body  volume. 


^ond  fetal  month 
ixth  fetal  month . . 

irth 

Wo  years 

ix  years 

[aturity 


Head  and  neck 

Trunk 

45 

50 

37 

40 

27 
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The  growth  in  length  in  fetal  life  is  indicated  in  a  preceding  table  (p.  20) 
nd  by  the  upper  curve  in  fig.  21.  The  age  of  the  fetus  may  be  estimated  from 
s  standing  height  by  'Basse's  rule';  namely:  that  before  the  fifth  month  the 
ge  in  fetal  months  is  equal  to  the  square  root  of  the  total  (standing  or  crown- 
eel)  height,  while  after  the  fifth  month  the  age  equals  one-fifth  of  the  standing 
eight  in  cm.     This  give  approximate  results  except  for  the  first  2  months. 

The  length  of  the  body  at  birth  usually  falls  between  48  and  52  cm.  (approxi- 
lately  19  to  21  inches).  The  birth-length,  like  the  birth-weight,  is  influenced 
y  sex,  race,  and  a  number  of  other  factors.  In  the  neonatal  period  there  is 
ften  a  sUi^t  decrease  in  length  due  to  changes  in  bodily  proportions  in  the 
Bcovery  from  the  molding  effects  of  birth. 

The  curve  of  postfetal  growth  in  length  is  a  sinuous  one  similar  to  the  curve 
f  postnatal  weight  increase  and  the  same  phases  may  be  recognized  in  it.  Length 
icreases  about  30  per  cent.  (15  cm.  or  6  inches)  in  the  first  six  months  and  about 
0  per  cent.  (25  cm.  or  10  inches)  in  the  first  year  (fig.  22).  During  early  and 
liddle  childhood  the  lineal  increase  is  very  slow,  averaging  only  about  6  or  7  cm. 
►er  year.  The  prepuberal  length  increase,  like  the  weight  increase,  begins 
arlier  in  girls  than  in  boys  and  is  completed  sooner.  The  body  increases  approxi- 
mately 3.3  times  in  length  during  the  postnatal  developmental  period.  Growtlf 
II  length  usually  ceases  at  about  18  years  in  females  and  soon  after  20  in  males. 
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Fig.  21. — Chart  of  the  Average  Growth  in  Length  and  Weight  in  Fetal  Life.    (Basec 
on  the  data  of  Mall,  A.  W.  Meyer  and  Jackson.) 
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Fig.  22. — Chart  of  the  Average  Growth  in  Height  and  Weight  in  the  First  Yeah 
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The  relation  between  the  length  and  the  weight  of  the  body  changes  greatly 
in  the  developmental  period.  In  later  fetal  Ufe  and  early  infancy  the  mass  of 
the  body  is  much  greater  in  proportion  to  its  length  than  at  any  subsequent 
time.  The  decline  in  relative  weight  begins  about  the  middle  of  the  first  year 
and  continues  until  after  puberty.  Thereafter  there  is  a  period  of  relative  mass 
increase  which  may  continue  throughout  maturity.  During  infancy  and  child- 
hood females  are  relatively  Ughter  than  males  but  after  puberty  they  are  relatively 
heavier. 

The  surface  area  of  the  body  in  the  developmental  period. — The  metabolism 
of  the  body  is  greatly  influenced  by  the  relation  of  its  surface  or  cutaneous  area 
to  its  mass  or  volume,  and  this  relation  is  greatly  altered  in  the  course  of  postnatal 


Fig.  23.- 


-Chakt  Showing  Average  Postnatal  Growth  in  Height  and  Weight. 
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development.  The  surface  area  of  the  average  newborn  child  is  about  2500 
square  cm.  (400  square  inches).  This  is  doubled  in  the  first  year  and  is  tripled 
in  the  middle  of  childhood.  There  is  a  period  of  rapid  increase  in  surface  area 
before  puberty  and  the  total  gain  between  birth  and  maturity  is  about  7-fold. 
But  the  weight  of  the  body  increases  approximately  20-fold  in  this  time  and 
there  is  consequently  a  great  reduction  in  the  ratio  of  surface  area  to  mass  or 
volume  (from  over  800  square  cm.  of  surface  area  per  kilogram  of  body  weight 
in  the  newborn  to  less  than  300  square  cm.  per  kilogram  in  the  adult.) 

The  relative  growth  of  the  parts  of  the  body. — Growth  and  differentiation 
do  not  take  place  at  the  same  time  or  rate  in  the  various  parts  of  the  body  and 
the  changes  in  proportions  which  occur  in  the  developmental  period  are  dependent 
on  this  lack  of  uniformity.  While  each  part  passes  through  its  own  cycle  of 
changes  these  changes  as  a  whole  tend  to  follow  what  is  known  as  the  laxo  of 
developmental  direction;  for  it  is  generally  found  that  development  (including 


24  DEVELOPMENTAL  ANATOMY 

growth  and  differentiation),  in  the  long  axis  of  the  b6dy,  appears  first  in  the 
head  region  of  the  body  and  progresses  toward  the  tail  region  and  similarly 
development  in  the  transverse  plane  begins  in  the  mid-dorsal  region  and  progresses 
lateroventrally  (in  the  limbs  proximodistally). 

Some  of  the  changes  in  the  proportions  of  the  body  and  the  relative  size 
of  its  several  parts  are  indicated  in  figs.  15  and  16  and  in  a  preceding  table  (p.  21). 
The  head  is  the  largest  part  of  the  body  in  earUer  stages,  forming  about  one-  alf 
of  the  body  in  the  second  fetal  month,  about  one-quarter  at  birth,  and  from  6  to 

8  per  cent,  in  maturity.  The  trunk  as  a  whole  remains  of  about  the  same  relative 
size  throughout  the  developmental  period  (45  to  50  per  cent.)  although  the 
thoracic  portion  reaches  its  maximum  in  the  earlier  stages  and  the  pelvic  portion 
not  until  adolescence.  The  lower  limbs,  like  the  pelvis,  develop  slowly,  forming 
about  3  per  cent,  of  the  body  at  the  end  of  the  period  of  embryo,  about  15  per 
cent,  at  birth  and  reaching  about  30  per  cent,  in  the  adult.  The  upper  limbs 
also  form  about  3  per  cent,  of  the  body  weight  at  the  close  of  the  embryonic 
period.  They  increase  to  8  or  9  per  cent,  at  birth  and  maintain  thereafter  about 
the  same  relative  size. 

These  changes  cause  a  great  increase  in  the  relative  weight  and  volume  of 
the  caudal  or  lower  part  of  the  body;  and  with  them  the  midpoint  of  the  body 
(between  crown  and  sole)  is  gradually  shifted  from  the  upper  margin  of  the 
thorax  at  the  end  of  the  embryonic  period  to  a  level  slightly  above  the  umbilicus 
at  birth,  and  to  the  level  of  the  crest  of  the  pubis  in  the  adult.  The  center  of 
gravity  is  also  shifted  caudally  from  the  cervical  region  in  the  embryo  to  the 
point  where  the  inferior  vena  cava  pierces  the  diaphragm  at  birth,  and  to  a  point 
just  in  front  of  the  sacral  promontory  in  the  adult. 

The  relative  growth  of  systems. — There  is  a  marked  difference  in  the  growth 
of  the  various  systems  of  the  body.  The  skeleton  grows  comparatively  slowly 
during  the  greater  part  of  prenatal  life  but  increases  much  more  rapidly  in  the 
last  two  fetal  months.  At  birth  it  forms  from  15  to  20  per  cent,  of  the  body. 
Its  postnatal  growth  apparently  proceeds  with  that  of  the  body  as  a  whole,  the 
total  increase  in  weight  between  birth  and  maturity  being  about  twenty-fold. 
The  mi^culature  also  grows  rather  slowly  in  the  young  embryo  but  increases  to 
about  25  per  cent,  of  the  body  at  birth  and  to  40  or  45  per  cent,  in  the  adult.  The 
blood-vessels  apparently  also  increase  in  relative  weight  after  birth.  The  central 
nervous  system,  on  the  other  hand,  is  relatively  enormous  in  the  young  embryo, 
decreasing  from  about  25  per  cent,  of  the  body  in  the  second  fetal  month  to 
about  15  per  cent,  at  birth  and  to  between  2  and  2.5  per  cent,  in  the  adult.  Data 
for  the  peripheral  nervous  system  and  the  skin  are  somewhat  scanty  and  rather 
unsatisfactory,  but  it  is  evident  that  both  undergo  a  considerable  reduction  in 
relative  weight  in  the  postnatal  developmental  period.  The  visceral  group  (as  a 
whole)  shows  a  slow  but  steady  decrease  in  relative  weight  after  the  embryonic 
period,  forming  about  15  per  cent,  of  the  body  weight  in  the  second  month,  about 

9  per  cent,  in  the  newborn,  and  from  5  to  7  per  cent,  in  the  adult. 

Growth  of  organs. — While  in  general  the  individual  organs  follow  the  course 
of  growth  of  the  visceral  group,  each  organ  has  its  own  characteristic  scheme  of 
relative  growth.  As  a  rule,  after  its  appearance  in  embryo,  each  organ  increases 
more  or  less  rapidly  to  a  maximum  relative  si:^e,  after  which,  although  increasing 
in  absolute  size,  it  decreases  in  relative  size  through  subsequent  prenatal  and 
postnatal  life  to  maturity. 

Curves  of  the  absolute  growth  of  the  various  organs  in  the  period  of  the 
fetus  all  appear  much  alike,  showing  an  initial  period  of  slow  increase  followed 
after  the  fifth  month  by  a  terminal  phase  of  rapid  growth.  This  uniformity  is 
lost  at  birth  and  most  of  the  major  organs,  on  the  basis  of  the  course  of  their 
postnatal  growth,  can  be  classified  in  4  main  groups — splanchnic,  nervous,  genital 
and  lymphoid  (fig.  24). 

The  splanchnic  group  includes  the  digestive,  respiratory,  urinary  organs,  the 
thyroid  gland,  the  heart,  and  the  spleen.  These  organs  increase  rapidly  in 
weight  in  infancy  and  the  first  part  of  early  childhood.  In  the  latter  part  of  early 
childhood  and  in  middle  childhood  they  grow  quite  slowly.  They  enter  on  a 
second  phase  of  rapid  growth  in  the  prepuberal  period,  and  this  is  followed  by  a 
terminal  phase  of  slow  increase  in  adolescence.  In  general  the  growth  of  the 
organs  of  this  group  is  similar  to  the  growth  of  the  body  as  a  whole. 
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The  nervous  group  includes  the  brain,  spinal  cord,  and  eyeballs.  These 
structures  grow  very  rapidly  in  infancy  and  have  completed  over  90  per  cent,  of 
their  postnatal  increase  by  the  close  of  early  childhood. 

The  organs  of  the  genital  group  (all  genital  organs  with  the  exception  of  the 
ovaries  and  uterus)  grow  very  slowly  until  the  prepuberal  period,  when  they 
enter  on  a  phase  of  rapid  increase  which  extends  into  or  through  adolescence. 

The  structures  of  the  lymphoid  group  (excluding  the  spleen  but  including  the 
thymus)  are  lai^e  at  birth,  grow  rapidly  until  puberty,  and  then  decline  in  abso- 
lute weight. 

Fig.  24. — Chart  Illustrating  the  Course  of  Growth  of  the  Various  Types  of  Organs. 
The  growth  of  the  various  organs  is  calculated  in  per  cent,  of  their  adult  weight. 
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The  organs  which  do  not  fall  under  any  of  the  preceding  categories  are  the 
suprarensj  glands,  the  ovaries,  the  uterus  and  the  hypophysis.  Their  growth  is 
considered  in  connection  with  their  development  in  the  following  sections. 


THE  SKELETON 

The  skeleton,  including  the  bones,  cartilages,  ligaments,  and  joints,  is  derived  from  the 
mesoderm.  The  process  is  inaugurated  by  the  formation,  in  the  future  skeletal  regions,  of 
masses  of  thickened  mesenchyma  known  as  sderoblastema.  The  hard  parts  of  the  euceleton, 
the  bones  and  cartilages,  arise  in  the  more  condensed  i^arts  of  the  sderoblastema  while  the 
joints  are  formed  from  the  intervening  portions.  The  majority  of  the  thickened  sderoblastema! 
masses  are  differentiated  into  cartilage.  Certain  of  these  cartilages  persist  throughout  life 
while  a  few  may  be  converted  at  a  later  time  into  fibrous  tissue.  But  by  far  the  greater  number 
are  replaced  by  bone  during  the  later  development  of  the  skeleton. 

Most  of  the  bones  of  the  body  arise  through  the  replacement  of  previously  formed  bodies 
of  cartilage  by  bony  material,  while  a  smaller  number  are  formed  directly  in  tne  membranous 
sderoblastema.    The  former  are  known  as  cartilaginous  or  replacement  bones  and  the  latter 
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are  termed  membranous  or  investment  bones.  All  the  bones  of  the  extremities,  the  bones  of 
the  spinal  column  and  thorax,  the  auditory  ossicles,  the  hyoid  bone,  and  the  greater  part  of 
the  bones  of  the  base  of  the  skull  are  cartilaginous  bones.  The  bones  of  the  face  and  the 
greater  part  of  the  vault  of  the  skull  are  membranous  bones.  Certain  of  the  skull  bones  are 
formed  partly  in  membrane  and  partly  in  cartilage. 

The  process  of  ossification  begins  in  discrete  foci  wbkb  are  known  as  centers  of  ossification. 
These  centers  are  formed  from  time  to  time  throughout  the  developmental  period,  the  first 
appearing  in  the  clavicle  in  embryos  of  the  sixth  week  and  the  last,  in  tne  epiphyses  of  the  verte- 
bral column,  in  the  third  decade  of  postnatal  life.  Over  ei^ht  hundred  centers  are  formed  in 
the  body  and  of  these  slightly  more  than  half  appear  after  birth. 

Almost  all  bones  of  the  adult  are  formed  from  one  or  more  centers  of  ossification;  the  rela- 
tion of  the  total  number  of  bones  in  the  mature  skeleton  to  the  total  number  of  centers  being 
approximately  as  1  to  3.     The  ossification  centers  of  all  bones  of  the  body  with  the  exception 

Fig.  25. — Median  Sagittal  Sections  of  the  Vertebral  Column  at  Various  Ages  Illus- 
trating THE  Development  op  the  Normal  Spinal  Curvatures.  Cervical  and  lumbar 
vertebrae  indicated  in  black.  (Based  in  part  on  the  figures  of  Bardeen,  Williams  and 
Cunningham.) 


of  those  of  the  carpus,  tarsus,  skull,  and  sternum,  may  be  divided  into  two  general  classes,  the 
primary  and  secondary.  The  primary  centers  wnich  form  the  greater  part  of  the  bone  almost 
always  appear  before  birth.  Such  centers,  when  located  in  long  oones,  are  known  as  diaphyses. 
The  secondary  centers  or  epiphyses  are,  with  one  or  two  exceptions,  formed  during  postnatal 
life.  A  further  consideration  of  the  nature  of  diaphyses  and  epiphyses  will  be  found  in  the 
section  on  Osteology  (p.  82). 

As  the  formation  of  new  centers  and  the  fusion  of  older  ones  proceeds  at  unequal  rates  dur- 
ing the  first  two  decades,  the  number  of  separate  bone  masses  in  the  body  varies  from  year  to 
year  during  this  period.  The  number  of  bones  in  the  average  newborn  child  is  270.  This 
number  is  reduced  in  the  first  2  or  3  years  of  life  through  the  fusion  of  primary  centers  which  are 
present  before  birth.  From  this  time  until  puberty,  however,  the  number  increases  steadily 
through  the  formation  of  epiphyses  and  the  ossification  of  the  carpus  and  tarsus.  In  the  four- 
teenth year  there  are  about  350  separate  bony  masses  in  the  body.  After  puberty  the  number 
again  increases  rapidly  until  nearly  the  middle  of  the  third  decade.  Often  it  is  not  until  middle 
life  that  the  number  of  bones  is  reduced  to  the  usual  quota  of  206,  excluding  the  smaller 
sesamoids. 

The  spinal  column.—In  the  latter  part  of  the  first  month  the  notochord  is  surrounded  by  a 
sheath  of  mesenchyme  in  which  may  be  recognized  segmentally  arranged  masses  which  repre- 
sent the  vertebrse  and  are  formed  from  the  sclerotomes  of  the  mesodermic  somites.  Dorsal 
prolongations  from  these  masses  grow  up  on  either  side  of  the  neural  tube  forming  the  arches 
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of  the  vertebrse,  and  at  the  same  time  lateral  outgrowths  appear  which  represent  the  various 
lateral  projections  of  the  vertebrse  including  the  costal  processes. 

In  the  second  and  third  fetal  months  the  cervical  and  sacral  regions  form  the  greater  part 
of  the  vertebral  column  (fig.  25).  At  birth  the  cervical  part  forms  approximately  one-fourth, 
the  thoracic  part  one-half,  and  the  lumbar  part  one-fourth  of  the  entire  movable  spine.  In 
the  adult  the  thoracic  portion  continues  to  form  approximately  one-half  of  the  free  vertebral 
column,  but  the  lumbar  portion  is  increased  to  about  one-third,  and  the  cervical  portion  is 
reduced  to  one-fifth  or  one-sixth  of  the  whole.  It  is  probable  that  in  most  cases  these  propor- 
tional postnatal  changes  take  place  in  the  first  3  years. 

During  the  first  fetal  month  the  vertebral  column  shows  a  pronounced  ventral  flexion. 
From  this  time  until  birth  the  free  portion  gradually  becomes  straignter  while  the  sacral  portion 
first  becomes  straighter  and  later  acquires  a  second  ventral  curve.  In  the  newborn  child  the 
free  column  forms  a  single  gentle  curve  with  an  anterior  (ventral)  concavity  extending  from 

Fig.  26. — Diagram  Showing  the  Categories  to  which  the  Bones  of  the  Skull  Belong. 
(After  Mc Munich.)     The  unshaded  bones  are  membrane  bones,  the  heavily  shaded  repre- 
sent the  chondrocranium,  while  the  black  represents  the  branchial  arch  elements. 
AS,  alisphenoid.     ExO,  exoccipital.     F,  frontal.     Hy.,  hyoid.     IP,  interparietal.     Z,  zygo- 
matic.    Mn,  mandible.     Mx,  maxilla.     NA,  nasal.     P,  parietal.     Pe,  periotic.     SO,  supra- 
occipital;  Sq,  squamosal;  St,  styloid  process;  Th,  thyroid  cartilage;  Ty,  tympanic. 


the  first  cervical  to  the  last  lumbar  vertebra,  while  the  sacrum  is  directed  somewhat  posteriorly. 
The  cervical  curve  appears  when  the  infant  begins  to  lift  its  head  but  neither  at  this  time  nor 
later  does  it  become  a  fixed  flexure.  The  lumbar  curve  appears  as  the  child  assumes  the  up- 
rurht  posture.  It  forms  very  slowly  and  throughout  childhood  and  adolescence  it  may  be 
effaced  by  stretching  the  spine.  Later  the  lumbar  curve  is  fixed,  in  a  measure,  by  the  anterior 
thickening  of  the  lower  lumbar  vertebrse  and  the  intervertebral  disks  between  them.  This 
process  begins  in  later  childhood  and  continues  slowly  until  maturity.  For  further  details  on 
the  curvatures,  see  p.  97. 

The  cartilaginous  vertebr®  are  formed  by  the  appearance  of  centers  of  chondrification  of 
the  bLastemal  vertebrae.  There  are  four  of  these  centers  for  each  vertebra,  two  lateral  ones 
whioh  soon  fuse  in  the  body,  and  one  for  each  side  of  the  vertebral  arch.  The  ossification  of 
the  vertebr®  is  considered  in  the  section  on  Osteology. 

The  material  between  the  vertebral  masses  is  later  converted  into  the  outer  portions  of 
the  intervertebral  disks;  and  the  segments  of  the  notochord  which  occupy  these  regions  form 
the  nuclei  pulposi.     The  vertebral  portions  of  the  notochord  degenerate. 

The  length  of  the  movable  or  free  vertebral  column  (cervical,  thoracic,  and  lumbar  vertebrse) 
at  the  end  of  the  second  fetal  month  is  about  2  cm.  This  is  more  than  doubled  in  the  third 
month,  nearly  quadrupled  in  the  fourth,  and  increased  almost  10-fold  by  birth  when  the  average 
length  is  almost  20  cm.  (8  in.).  Between  birth  and  maturity  the  movable  vertebral  column 
increases  in  length  between  2  and  2.5  times,  about  two-thirds  of  this  growth  being  accomplished 
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before  puberty.  After  the  second  fetal  month  the  vertebral  column  forms  from  40  to  45  per 
cent,  of  the  total  length  of  the  skeleton. 

Development  of  the  skull. — The  bones  of  the  skeleton  of  the  head  ma^  be  divided  into  three 
main  categories  (fig.  26) :  (1)  the  group  of  cartilage  bones  developed  mamlv  in  the  base  of  the 
skull  around  and  anterior  to  the  cephalic  portion  of  the  notochord  and  about  certain  of  the 
organs  of  sense;  (2)  the  membrane  bones  wnich  form  the  vault  of  the  skull  and  the  framework 
of  the  upper  part  of  the  face;  and  (3)  the  cartilage  bones  which  have  their  origin  from  the  cores 
of  the  branchial  arches.  The  distinction  between  these  three  parts  of  the  head  skeleton  is 
often  imperfect,  for  their  parts  overlap  and  fuse  during  development  and  the  relations  between 
them  are  constantly  shifted  and  modified. 

In  the  skull,  as  in  the  other  parts  of  the  skeleton,  three  stages,  the  blastemal  or  membranous, 
the  chondrogenous,  and  the  osseogenous,  may  be  recognized  although  they  overlap  consider- 
ably and  do  not  proceed  at  the  same  rate  in  all  parts  of  the  head  skeleton. 


Fig.  27. — Model  op  the  Chondrocranium  op  a  Human  Fetus  8  cm.  in  length.    Carti- 
lage in  blue.     Viewed  from  above.    (After  O.  Hertwig.) 
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Toward  the  end  of  the  first  month  the  brain  is  enclosed  in  a  membranous  sac  formed  by 
the  condensation  of  the  surrounding  mesenchyma.  The  basal  portion  of  this  sheath  forms  a 
thickened  plate  which  surrounds  the  cephalic  portion  of  the  notochord  and  projects  forward 
beyond  its  anterior  termination.  The  occipital  portion  of  this  plate  is  greatly  expanded  and 
is  connected  with  the  fibrous  capsules  around  the  developing  internal  ears.  The  anterior  pari 
of  the  plate  extends  forward  into  the  nasal  region. 

The  formation  of  the  chondrocranium  in  the  basal  portion  of  the  cranial  blastema  begini 
early  in  the  second  month  and  is  practically  complete  by  the  close  of  the  third  (fig.  27).  The 
caudal  or  occipital  portion  of  the  chondrocranium  forms  almost  a  complete  ring  around  the 
foramen  magnum  and  extends  laterally  about  the  base  of  the  posterior  part  of  the  brain 
Lying  anterior  to  the  occipital  portion  of  the  skull  on  either  side  are  the  cartilaginous  auditor? 
capsules.  The  contiguous  borders  of  the  occipital  portion  of  the  skull  and  the  auditory  cap- 
sules are  partly  fused,  but  lacunse  in  this  region  indicate  the  position  of  the  future  hypoglossa 
and  jugular  foramina  and  transmit  the  structures  which  pass  through  these  openings  in  the 
adult  skull.  A  median  bar  of  cartilage,  which  represents  the  basilar  portion  of  the  occipitA 
bone  and  the  body  of  the  sphenoid,  passes  forward  from  the  anterior  margin  of  the  foramei 
magnum  and  terminates  in  an  expanaed  frontonasal  plate.  Two  pairs  of  processes  arise  fron; 
this  median  mass.  The  posterior  (alisphenoid)  represents  a  part  of  the  greater  wing  of  the 
sphenoid  and  the  anterior  clinoid  processes.  The  latter  fuse  with  the  frontonasal  plate  enclo& 
ing  the  optic  foramina.  The  medial  portion  of  the  frontonasal  plate  extends  forward  into  th( 
nasal  region  formine  the  fundament  of  the  ethmoid  bone  and  a  part  of  the  nasal  capsule.  The 
lateral  portions  (orbitosphenoid)  spread  over  the  eyes  and  represent  the  lesser  wings  of  th( 
sphenoid. 
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The  visceral  elements  of  the  skull  are  derived  from  cartilages  formed  in  the  branchial  arches. 
That  of  the  first  arch  is  known  as  Meckel's  cartilage.  It  extends  from  the  outer  surface  of  the 
auditory  capsule  through  the  mandibular  process  to  the  ventral  median  line.  The  upper  por- 
tion of  Meckel's  cartilage  is  differentiatcil  into  two  parts  which  form  two  of  the  auditory 
ossicles,  the  malleus  and  the  incus.  The  lower  part  is  enclosed  in  a  sheath  of  membrane  bone 
which  forms  the  mandible  (fig.  28).  All  of  this  part  of  the  cartilage  disappears  with  the  excep- 
tion of  its  medial  tip  which  is  probably  involved  in  the  formation  of  the  mental  protuberance. 
The  upper  portion  of  the  cartilage  of  the  second  or  hyoid  arch  forms  a  portion  of  the  stapes 
and  a  part  of  the  styloid  process  of  the  temporal  bone  while  its  lower  segment  sives  rise  to  the 
lesser  comu  and  a  part  of  the  body  of  the  hyoid  bone.     The  upper  portions  of  the  third,  fourth 


Fig. 


28. — Mandible  Showing  Relations  of  Meckel's  Cartilage  in  a  Human  Fetus  of 
8  Cm.  Crown-rump  Length.     (After  KoUmann.) 
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and  fifth  arches  form  no  permanent  structures.  The  lower  part  of  the  third  arch  gives  rise 
to.the  greater  comu  and  a  part  of  the  body  of  the  hyoid  bone,  and  the  lower  parts  of  the  fourth 
and  fif^  arches  are  involved  in  the  formation  of  the  thyroid  cartilage. 

The  further  history  of  the  ossification  of  the  bones  of  the  head  will  be  found  in  the  section 
on  Osteology. 

Growth  of  the  skull. — The  most  striking  characteristic  of  the  fetal  skull  is  the  great  pre- 
dominance of  the  neural  over  the  visceral  portion.  During  the  period  of  the  chondrocranium 
the  base  of  the  cranium  is  large  as  compared  with  the  roof  or  vault  but  with  the  growth  of  the 
cerebral  hemispheres  the  vault  becomes  increasingly  prominent.  In  early  stages  of  develop- 
ment the  occipital  region  forms  bv  far  the  largest  part  of  the  cranium.  Later  the  parietal 
portion  enters  on  a  period  of  rapid  growth  and  becomes  the  predominant  region,  ana  finally 
in  the  last  fetal  months  the  frontal  region  becomes  the  center  of  most  vigorous  expansion. 

Fig.  29. — Skulls  of  the  Newborn  and  Adult.  Drawn  to  the  same  face  height  to  illustrate 
the  relative  proportions  of  the  facial  and  neural  skeleton  at  birth  and  in  maturity.  (After 
HoU.) 


At  birth  the  skull  is  large  as  compared  with  the  rest  of  the  skeleton.  The  neural  portion 
is  still  much  larger  than  the  visceral  or  facial,  the  relation  between  the  two  being  as  8  to  1  as 
compared  with  the  ratio  of  2.5  to  1  in  the  adult  (fig.  29).  The  vault  in  comparison  with  the 
base  of  the  cranium  is  also  much  larger  than  in  later  life. 

The  bones  of  the  cranial  vault  are  quite  thin  and  are  separated  by  narrow  strips  of  membrane 
which  are  expanded  at  the  angles  of  the  parietal  bones  into  areas  of  some  size  which  are  known 
sks  fontaneUes.  Theoretically  fontanelles  may  be  formed  at  any  point  on  the  calvarium  which  is 
equidistant  from  three  or  more  contiguous  centers  of  ossification.  There  are  some  26  such 
points  on  the  vault  of  the  skull  and  constant  or  occasional  fontanelles  have  been  found  in  most 
)f  these  locations.  Two  median  and  single  fontanelles  (the  frontal  and  occipital),  and  two 
lateral  and  paired  fontanelles  (the  sphenoidal  and  mastoid),  are  commonlv  present  at  birth. 
Their  positions  are  shown  in  figs.  30  and  188-190.  Besides  these  constant  fontanelles,  numer- 
ous accessory  ones  may  be  present.  The  more  important  ones,  the  parietal,  cerebellar  and 
metopic  fontanelles,  are  all  located  along  the  sagittal  suture. 
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The  involution  of  the  frontal  fontanelle  usually  b^ins  some  months  after  birth  and  Ib 
generally  completed  early  in  the  second  year.  The  occipital  fontanelle  is  generally  closed  by 
the  end  of  the  first  trimester.  The  sphenoidal  fontanelle  commonly  closes  in  the  first  6  months 
and  the  mastoid  fontanelle  between  12  and  18  months  after  birth.  The  obliteration  of  the 
f ontanelles  takes  place  by  the  progressive  ingrowth  of  the  ed^es  of  the  bone  which  bounds  them, 
but  occasionally  separate  ossification  centers  may  arise  within  them  and  form  independent 
bones  which  occupy  all  or  part  of  the  original  space. 

The  skull  as  a  whole  grows  less  in  postnatal  life  than  the  other  divisions  of  the  skeleton, 
the  neural  portion  increasing  in  volume  about  5  times  and  the  facial  portion  about  12-fold. 
Between  birth  and  maturity  the  cranial  capacity  rises  from  400  to  1500  c.c.  and  the  horizontal 
circumference  of  the  skull  from  about  32  cm.  to  48  or  50  cm.  Most  of  this  growth  takes  place 
in  the  first  two  or  three  years  after  birth  (fig.  31).  The  postnatal  growth  of  the  skull  is  closely 
associated  with  the  growth  of  other  structures  of  the  head  and  particularly  with  those  of  the 
brain  and  eyeballs,  tne  teeth  and  paranasal  sinuses,  and  certain  of  the  larger  muscles.    These 

Fig.  30. — Diagram  of  the  Calvarium  at  Birth,  Showing  the  Positions  of  the  Constant 
AND  the  more  Important  Accessory  Fontanelles.  Ck>nstant  f ontanelles  shaded  in 
light  stipple,  accessory  fontanelles  in  heavy  stipple. 
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structures  influence  the  growth  of  the  skull  at  different  periods:  the  brain  and  eyeballs  mainl} 
in  infancv  and  early  childhood^  the  teeth  and  ptiranasal  sinuses  mainly  in  middle  and  l&t«i 
childhood,  and  the  muscles  mainly  in  adolescence. 

During  infancy  all  parts  of  the  skull  grow  rapidly,  the  cranial  capacity  increasing  fron^ 
400  cc.  at  birth  to  700  cc.  at  6  months  and  over  1000  cc.  at  18  months.  The  face  grows  evei 
more  rapidly  than  the  cranium  in  this  period,  the  ratio  between  the  two  being  reduced  from  ; 
to  8  at  birth  to  1  to  6  in  the  second  year.  Most  of  the  early  growth  of  the  face  is  due  to  th< 
expansion  of  the  orbits,  which  accomplish  over  half  of  their  postnatal  growth  in  the  first.  2  years 
but  there  is  also  a  marked  growth  of  the  maxillse  and  mandible  in  connection  with  the  develop 
ment  of  the  deciduous  dentition. 

From  2  to  7  years  the  growth  of  the  skull  is  continued,  although  less  rapidly  than  in  infancy 
The  cranium  expands  slowly,  the  vault  growing  more  than  the  base.  The  facial  skeleton  grow 
more  rapidly  than  the  neural  portion  and  by  5  years  the  ratio  between  them  is  1  to  5.  Mo? 
of  the  growth  is  in  the  lower  part  of  the  face  and  is  due  to  the  expansion  of  the  dental  arche 
and  the  development  of  the  maxillary  sinuses. 

In  middle  and  later  childhood  the  skull  grows  little,  aside  from  the  lengthening  of  the  fac< 
which  accompanies  the  establishment  of  the  permanent  dentition.  In  adolescence  thegrowtl 
of  the  skull  again  increases.  The  cranium  enlarges  slightly  in  all  diameters,  mainly  tnrougl 
the  increase  in  the  thickness  of  the  bones  of  the  vault,  and  the  face  completes  its  growth  witl 
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the  full  development  of  the  paranasal  sinuses  and  the  upper  and  lower  dental  arches.     As  a 
rule  these  later  changes  are  more  extensive  in  the  male  tha,n  in  the  female  skull. 

The  thorax. — The  formation  of  the  thorax  is  first  indicated  in  the  blastemal  period  by  the 
development  of  the  costal  processes  of  the  thoracic  vertebrse.  These  structures  represent  the 
future  ribs.     They  assume  a  rod-like  form  and  rapidly  grow  ventralward  in  the  thoracic  body 

Fig.  31. — Tracings  op  Median  Sagittal  Sections  of  the  Skull  at  Different  Ages, 
Illustrating  the  Rate  op  Growth  of  the  Cranium.  (Based  on  the  figures  of  Corrado 
and  Welcker.)  • 


wall.  Their  distal  ends  unite  craniocaudally,  forming  longitudinally  directed  sternal  bands 
on  either  side  of  the  ventral  midline.  The  fundament  of  the  unpaired  sternum  is  formed  by 
the  side-to-side  union  of  these  bands,  together  with  a  small  mass  (the  epistemum)  which  is 
derived  from  a  band  of  thickened  mesenchyma  connecting  the  sternal  ends  of  the  developing 
clavicles. 


Fig.  32. — Anterior  Views  of  the  Skeletal  Thorax. 
A,  of  an  embryo  15  mm.  lon^.     (After  Mtlirer.)     B,  of  a  newborn  child. 
All  drawn  to  the  same  absolute  size. 


C,  of  an  adult. 


Some  of  the  later  changes  in  the  form  of  the  thorax  are  stiown  in  figs.  32,  A,  B  and  C.  In 
early  stages  the  thorax  is  conical  and  is  nearly  circular  in  cross-section.  At  the  time  of  their 
origin  the  ribs  Ue  parallel  with  one  another  and  are  almost  horizontal,  but  they  soon  incline 
downward  (figs.  44,  46).  After  birth  and  particularly  after  the  erect  posture  is  assumed  there 
is  a  progressive  reduction  of  the  relative  anteroposterior  diameter  of  the  thorax  and  its  base  is 
relatively  contracted.  These  changes  are  possibly  due  in  part  to  the  effect  of  gravity  on  the 
viscera  and  to  the  reduction  in  relative  size  of  the  organs  of  the  upper  abdominal  region. 
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The  postnatal  growth  of  the  thorax,  as  determined  by  external  measurements,  particularly 
of  the  horizontal  chest  circumference,  seems  to  follow  the  course  of  the  growth  of  the  body  in 
height  and  weight.  There  is  a  period  of  rapid  increase  in  infancy  and  a  part  of  early  childhood, 
a  period  of  slow  growth  in  midcUe  childhood,  followed  by  a  phase  of  rapid  growth  in  prepuberty 
and  perhaps  earFy^adolescence,  and  finally  a  terminal  period  of  slow  mcrease  to  maturity. 

Ae  pelvis. — The  pelvis  is  formed  in  part  from  the  fixed  vertebra  of  the  sacrum  and  coccyx, 
which  are  developed  around  the  lower  portion  of  the  notochord,  and  in  part  from  the  blastemal 
ossa  coxs  which  are  developed  from  the  proximal  pNortions  of  the  mesenchymal  cores  of  the  lower 
limb-buds.  These  elemei\ts  are  not  closely  associated  at  the  time  of  their  differentiation  and 
the  complete  pelvic  girdle  with  definite  fundaments  of  the  pubic  symphysis  and  the  sacroiliac 
articulations  is  not  established  until  about  the  end  of  the  second  month.  In  early  fetal  life 
the  pelvis  is  relatively  small.  After  the  third  month  all  of  the  pelvic  diameters  (^row  at  ap- 
proximately the  same  rate  and  there  are  no  great  changes  in  the  shape  of  the  pelvis  from  this 
time  to  birth. 

The  pelvis  of  the  neivbom  differs  from  that  of  the  adult  in  a  number  of  particulars  (fig.  33). 
It  has  a  distinctly  conical  form  and  its  length  is  greater  in  proportion  to  the  transverse  and 
conjugate  diameters.  The  pelvic  cavity  is  relatively  as  well  as  absolutely  much  smaller  than 
in  the  adult.     The  superior  aperture  approaches  a  circle  more  closely  than  in  later  life,  although 

Fig.  33. — Drawing  of  Anterior  Views  of  the  Pelves  of  an  Adult  Male  and  a  Male 
Newborn  Drawn  to  the  Same  Absolute  Size  and  Superimposed.  Adult  pelvis  in  solid 
line,  newborn  pelvis  in  broken  line.     (After  Merkel.) 


even  at  birth  the  transverse  diameter  is  greater  than  the  conjugate.  The  dimensions  of  both 
the  lesser  pelvic  cavity  and  the  inferior  aperture  are  smaller  in  proportion  to  the  superior 
aperture  than  at  maturity.  The  sacrum  forms  a  greater  portion  of  the  pelvic  circumference 
and  is  less  depressed  between  the  iha.  The  sacral  promontory  is  less  marked,  but  a  second 
prominence  may  be  indicated  at  the  level  of  the  linea  terminalis.  There  is  little  indication  of 
the  sacral  concavity.  The  acetabula  are  very  large  and  shallow  at  birth  while  the  obturator 
foramina  are  relatively  small.  The  pelvis  is  more  vertical  in  position  than  later,  the  plane  of 
the  superior  aperture  forming  an  angle  of  80^  in  the  horizontal  as  compared  with  50^  to  60^ 
with  the  adult,  while  the  long  axis  of  the  symphysis  pubis  is  more  nearly  perpendicular. 

During  the  first  2  years  of  life  the  pelvis  grows  rapidly  in  all  dimensions.  This  growth  is 
continued  at  a  slower  rate  from  2  to  6  years,  but  there  is  comparatively  little  increase  between 
5  and  10  years.  There  is  a  second  period  of  more  rapid  growth  in  later  childhood  and  adoles- 
cence, and  by  the  end  of  the  second  decade  the  pelvis  nas  almost  obtained  its  adult  dimensions, 
although  many  of  the  pelvic  epiphyses  do  not  unite  with  the  main  bones  until  the  twenty-fifth 
year. 

Until  the  infant  assumes  an  erect  position,  the  pelvis  changes  but  little  in  form.  As  this 
position  becomes  habitual,  the  sacrum  descends  between  the  ilia  and  the  promontory  is  definitely 
established.  With  this  tnere  is  a  relative  expansion  of  the  ala  of  the  ilia,  an  increase  in  the 
pubic  angle  and  a  bending  of  the  sacrum  backward.  The  increase  in  the  transverse  diameter 
of  the  pelvis  is  brought  about  mainly  by  the  growth  of  the  sacrum  and  the  posterior  parts  of 
the  ilium.  Growth  also  takes  place  along  the  Une  of  apposition  of  the  three  divisions  of  the 
OS  coxae  in  the  acetabulum,  but  there  is  probably  comparatively  little  growth,  at  least  in  males, 
at  the  symphysis  pubis.  The  pelvic  growth  which  occurs  after  puberty  is  practically  all 
epiphyseal. 

Sexual  differences  in  the  pelvis  appear  about  the  sixth  fetal  month,  mainly  in  the  form  of 
differences  in  the  pubic  angle  and  tne  shape  o|  the  ilia.  The  pelvis  of  the  newborn  male  is 
larger  than  that  of  the  female,  the  sacrum  is  relatively  wider,  the  ilia  lees  vertical,  the  pubic 
angle  more  acute  and  the  acetabula  shallower  and  more  horizontal.  The  sexual  differences 
of  the  newborn  pelvis,  aside  from  those  of  size,  are  usually  masked  in  the  early  period  of  rapid 


DEVELOPMENT  OF  VASCULAR  SYSTEM 


33 


growth  and  do  not  reappear  until  the  prepuberal  period.  During  the  first  decade  the  pelvic 
measurements  of  boys  are  usually  larger  than  those  of  girls,  but  after  this  time  the  dimensions 
of  the  female  pelvis  are  generally  the  greater. 

THE  VASCULAR  SYSTEM 

In  this  section  the  consideration  of  the  vascular  system  will  be  limited  to  a  description  of 
the  establishment  and  course  of  the  early  embryonic  circulation,  an  account  of  the  fully  estab- 
lished circulation  of  the  late  fetus,  and  the  changes  in  the  circulatory  system  at  birth*  including 
an  outline  of  the  general  growth  of  the  vascular  structures.  The  morphologic  changes  bv 
which  the  various  segments  of  the  embryonic  circulatory  system  are  transformed  to  the  adult 
structures  are  described  in  connection  with  the  Vascular  System  (pp.  668  and  724). 

In  man  and  the  higher  mammals  the  development  of  the  vascular  system  is  extremely  pre- 
cocious, due  to  the  small  amount  of  food  substances  stored  in  the  ova  of  these  forms  and  the 
consequent  necessity  of  a  system  of  vessels  which  can  draw  nourishment  and  oxygen  from  the 
maternal  circulation  and  distribute  them  to  the  tissues  of  the  embryo. 


Fig. 


34. — Diagram  op  the  Circulation  op  a  Young  Human  Embryo. 
the  figures  of  Watt  and  Br6del.) 


(Based  in  part  on 


Fundaments  of  the  first  vessels  in  man  appear  in  the  form  of  cords,  cellular  strands,  and 
jysts  in  the  extraembryonic  mesoderm  at  a  stage  preceding  the  establishment  of  the  embrj'o 
)n  the  germinal  disk.  These  structures  are  organized  into  two  sets  of  anastomosiag  cords; 
)ne,  the  umbilical  or  allantoic,  which  is  associate  with  the  connecting  stalk,  aUantois,  and  the 
:rophoblast;  and  the  other,  the  vitelline,  which  spreads  out  in  the  mesoderm  of  the  ^olk-sac. 
Frunks  formed  from  these  networks  pass,  in  the  mesoderm,  to  the  margin  of  the  germmal  disk. 
\s  the  tubular  embryo  is  formed  from  this  structure,  they  enter  the  developing  body  either  as 
lefinite  trunks  or  as  capillary  plexuses,  and  form  the  framework  of  the  embryonic  vascular 
lystem. 

The  course  of  the  embryonic  circulation. — The  form  of  the  circulatory  system  in  the  yoimg 
embryo  is  illustrated  by  fig.  34.  The  blood  from  the  capillaries  of  the  chorion  (the  modified 
irophoblast)  passes  to  the  embryo  through  the  paired  umbilical  or  allantoic  veins.  Before 
entering  the  embryo  these  vessels  are  joined  by  the  vitelline  veins  which  collect  the  blood  from 
he  yolk-flac.  These  vessels  form  the  vitelline-umbilical  trunks  (V.U.Tr.)  which  enter  the 
)ody,  on  either  side,  in  the  splanchnic  mesoderm  below  the  foregut  and  join  in  the  tubular 
leart,  which  is  formed  from  them.  From  the  heart  the  ventral  aortse  pass  below  and  then 
iround  the  anterior  part  of  the  foregut  and  gaining  its  dorsal  surface  run  backward  as  the  paired 
lorsal  aortffi.  The  dorsal  aortse  give  off  the  vitelline  arteries  iVit.  art.)  which  return  blood  to 
he  capillaries  of  the  volk-sac  and  finally  terminate  in  the  umbilical  or  allantoic  arteries  which 
un  to  the  chorion  through  the  connecting  stalk  and  end  in  the  chorionic  capillaries.  The 
lorsal  aortse  also  give  rise  to  a  number  of  segmentally  placed  arterial  sprigs  which  supply  the 
issues  of  the  embryo.  The  blood  from  these  vessels  is  collected  by  venules  which  empty  into 
ongitudiaal  venous  trunks,  the  anterior  and  posterior  cardinal  veins.  The  cardinal  vems  on 
ither  side  drain  into  a  short  common  cardinal  vein  (duct  of  Cuvier)  which  opens  into  the  pos- 
erior  part  of  the  heart-tube  in  common  with  the  vitelline-umbilical  trunks. 

The  umbilical  veins  are  the  nourishing  vessels  of  the  embryo,  since  they  carry  blood  from 
he  chorionic  capillaries  where  it  has  received  oxygen  and  food-stuffs  (by  osmosis)  from  the 
latemal  circulation.  These  substances  are  absent  from  the  vitelline  veins,  since  the  yolk-sac 
f  the  human  embryo  contains  no  reserve  food  material.  Theoretically,  at  least,  there  is  a 
lixture  of  arterial  blood  from  the  umbilical  vessels  and  venous  blood  from  the  common  cardinal 
eins  in  the  posterior  end  of  the  heart ;  but  the  actual  difference  between  the  arterial  and  venous 
lood  in  the  young  embryo  is  probably  very  slight  since  the  volume  of  the  blood-Btream*"is 
elatively  large  and  the  rate  of  circulation  presumably  very  rapid. 
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The  fetal  circulation. — The  course  of  the  blood  in  the  late  fetus  is  shown  in  ciiagrammati( 
fashion  in  figs.  35  and  586.  The  pure  or  arterial  blood  from  the  placental  capillaries  enter 
the  body  by  the  single  umbilical  vein,  and  passes  through  this  vessel  to  the  liver  where  it  ii 

i'oined  by  a  branch  of  the  portal  vein  carrying  venous  blood.  The  blood  from  the  sinus  formec 
>y  the  union  of  these  two  vessels  passes  through  the  ductus  venosus  which  joins  with  the  inferio! 
vena  cava  (either  directly  or  through  the  left  hepatic  vein).  As  the  vena  cava  is  carryiiij 
blood  from  the  capillaries  of  the  lower  part  of  the  body  there  is  a  further  mixture  of  venous  anc 
arterial  blood  at  this  point.     The  stream  of  mixed  blood  now  passes  through  the  terminal  por 

Fig.  35. — Diagram  op  the  Fetal  Circulation. 

Ab.Ao.,  abdominal  aorta.     Ao.,  ascending  aorta.     D.A.,  ductus  arteriosus.     D.V..  ductui 

venosus.     F.,  foramen  ovale.     Inf.  V.C.,  inferior  vena  cava.     L.  A.,  left  atrium.     L.V.,leftven 

tricle.     P.a.,  pulmonary  arteries.     Pt.v.,  portal  vein.     P.v.,  pulmonary  veins.     R.A.,  righ 

atrium.     Sup.V.C,  superior  vena  cava:  Umb.a.,  umbilical  arteries.     Umb.v.,  umbilical  vein 


tion  of  the  vena  cava  and  enters  the  caudal  portion  of  the  right  atrium.  The  superior  vem 
cava  also  enters  the  right  atrium,  bringing  back  venous  blood  from  the  head  and  superior  ex 
tremities.  The  opening  of  the  superior  vena  cava  with  its  valves  is  so  placed  that  tne  strean 
from  this  vessel  is  directed  towara  the  foramen  ovale  between  the  right  and  left  atria. 

Despite  this  anatomical  arrangement,  however,  experimental  evidence  indicates  that  th( 
blood  of  the  inferior  and  superior  vense  cavse  is  completely  mixed  in  the  ri^ht  atrium.  Th( 
blood  from  the  rieht  atrium  flows  in  part  into  the  left  atrium,  where  it  is  joined  by  a  smal 
stream  of  venous  blood,  returning  from  the  lungs  through  the  pulmonary  vein.  It  then  passes 
into  the  left  ventricle  and  thence  to  the  systemic  circulation  through  the  arch  of  the  aorta 
A  portion  of  the  blood  from  the  right  atrium  passes  into  the  right  ventricle  and  through  it  tc 
the  pulmonary  artery.  A  small  part  of  this  stream  is  diverted  to  the  right  and  left  pulmonary 
arteries  to  supply  the  lungs,  but  the  main  current  passes  through  the  ductus  arteriosus  (Botalli 
to  pass  into  the  descending  arch  of  the  aorta,  joining  the  stream  from  the  left  ventricle  which 
has  come  through  the  aortic  arch.  The  blood  passing  through  the  aorta  continues  downward 
through  this  vessel,  and  such  as  remains  after  supplying  the  aortic  branches  flows  into  thf 
umbiUcal  arteries  and  thence  back  to  the  capillaries  of  the  placenta. 
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Several  pectdiarUies  of  the  fetal  circulatton  which  are  particularly  striking  may  be  enumerated. 
But  one  vessel  in  the  body  of  the  fetus,  the  umbilical  vein,  carries  strictly  arterial  blood,  and 
this  vessel  supplies  no  part  of  the  body  directly,  except  a  small  portion  of  the  liver.  The  blood 
entering  the  nght  atrium  from  the  inferior  vena  cava  has  already  received  venous  mixtures 
from  three  sources  (the  portal  vein,  the  inferior  vena  cava,  and  the  vena  azygos  major).  There 
is  a  complete  mixture  of  blood  from  the  superior  and  the  inferior  vena  cava  in  the  right  atrium 
and  a  further  addition  of  venous  blood  from  the  pulmonary  vein  in  the  left  atrium.  Thus  the 
circulating  blood  of  the  fetal  body  is  throughout  mixed,  venous  and  arterial.  Its  efficiency 
under  these  conditions  probably  depends:  (1)  on  its  very  large  quantity  compared  with  the 
volume  of  the  fetus;  (2)  on  the  rapidity  of  its  circulation;  and  (3),  on  the  relatively  slow  rate  of 
catabolism  (and  hence  slight  amount  of  waste  products)  in  the  fetal  organism. 

The  establishment  of  the  adult  circulation. — The  change  from  the  fetal  to  adult  tjrpe  of 
circulation  is  brought  about  by  the  closure  of  the  fetal  blood-passages,  the  umbilical  vessels, 
the  ductus  venosus,  the  ductus  arteriosus,  and  the  foramen  ovale.  In  this  closure  two  processes 
can  be  recognized:  the  physiologic  occlusion,  which  takes  place  immediately  after  birth,  and 
the  anatomical  obliteration  which  occur  days,  months,  or  even  years  later.  With  the  estab- 
lishment of  respiration  the  ductus  arteriosus  collapses,  and  all  the  blood  from  the  pulmonary 
artery  is  forced  through  the  branches  of  these  vessels  into  the  capillary  bed  of  the  lungs.  This 
leads  to  an  increased  flow  from  the  pulmonary  veins  into  the  lelt  atrium  and  pressure  in  this 
chamber  rises  so  that  the  valve  of  the  foramen  ovale  is  forced  against  the  margin  of  the  inter- 
atrial septum  and  the  communication  between  the  two  chambers  is  interrupted.  At  the  same 
time,  with  the  tying  of  the  umbilical  cord,  or  in  most  cases  even  with  the  simple  interruption 
of  this  structure,  the  fetal  ends  of  the  umbilical  arteries  and  veins  are  contracted  and  their 
lumina  oblitemted.  With  this  change,  blood  no  longer  flows  through  the  umbilical  vein  and 
the  current  of  blood  through  the  ductus  venosus  ceases. 

The  actual  obliteration  of  the  fetal  blood-passages  rarely  begins  in  the  first  fortnight  of 
postnatal  life.  The  obliteration  of  the  ductus  venosus  is  brought  about  through  the  interrup- 
tion of  its  epithelial  lining  and  iavasion  of  its  lumen  by  the  connective  tissue  of  the  tunica  media 
and  tunica  interna.  The  vessel  is  generally  completely  closed  by  the  end  of  the  first  month. 
Obliteration  of  the  ductus  arteriosus  takes  place  m  much  the  same  way,  generaUy  in  the  first 
half  year  of  postnatal  life,  but  sometiiDBes  not  before  the  close  of  the  first  year.  The  occlusion 
of  the  foramen  ovale  is  apparently  brought  about  by  the  proliferation  of  connective  tissues  in 
the  valve  and  at  the  margm  of  the  foramen,  tibiough  the  mechanical  irritation  of  these  struc- 
tures by  friction  in  the  movements  of  the  heart.  At  the  close  of  one  year  the  foramen  is  obliter- 
ated in  about  one-half  of  all  cases,  but  the  opening  remains  patent  to  the  probe  in  nearly  one- 
third  of  adult  hearts.  The  obliteration  pf  the  umbilical  arteries  and  vein  begin  shortly  after 
birth  with  the  organization  of  the  thrombus  at  the  cut  end  of  the  vessel;  but  the  process  is  not 
complete  throughout  the  intra-abdominal  portion  of  these  vessels  until  several  weeks  after 
birtn.    For  changes  in  the  umbilicus,  see  p.  1403. 

The  growth  of  blood-vessels. — In  the  young  embryo  the  blood-veseels  have  very  thin  walls 
md  their  caliber  is  relatively  enormous;  that  of  the  dorsal  aorta,  for.example,  is  nearly  one-fifth 
the  transverse  diameter  of  the  bodv  in  the  third  week.  In  fetal  and  postnatal  life  the  blood- 
ir'essels  continue  to  increase  in  absolute  diameter  even  to  very  old  age,  but  their  relative  diam- 
eter is  steadily  reduced,  at  least  until  maturity.  In  the  developmental  period,  the  different 
/^ascular  trunks  constantly  adjust  to  the  changing  volumes  of  the  areas  which  they  supply  and 
^  modifications  in  the  caliber  of  vessels  which  dLrain  from  them.  Thus  the  arterial  trunks  to 
he  head  increase  in  size  during  the  period  of  rapid  growth  of  this  part  while  those  of  the  lower 
imbs  grow  slowly  in  early  life  but  increase  rapidly  when  these  members  enter  a  period  of  active 
;ix>wth.  And  the  abdominal  aorta  undergoes  an  actual  decrease  in  diameter  for  a  period  after 
urth  when  the  umbilical  arteries  which  (fi-ain  it  are  obliterated. 

The  walls  of  arteries  in  the  fetal  period  are  relatively  thicker,  compared  with  the  diameters 
»f  their  lumina,  than'  in  postnatal  life;  but  their  absolute  thickness  increases  slowly  to  an  ad- 
vanced age.  In  fetal  life  the  growth  of  the  walls  of  arteries  takes  place  almost  entirely  in  the 
unica  media  and  tunica  externa,  the  tunica  interna  remaining  almost  unchansed  from  the 
ourth  fetal  month  until  birth.  After  birth,  however,  the  relative  growth  of  the  interna  is 
Quch  more  rapid  than  that  of  the  other  coats.  Apparently  there  is  little  growth  of  the  tunica 
aedia  after  puberty  although  the  interna  increases  throughout  postnatal  life. 

There  are  but  few  observations  on  the  growth  of  vessels  in  length,  but  these  seem  to  indicate 
hat  the  lineal  growth  of  blood-vessels  is  closely  correlated  with  the  lineal  growth  of  adjacent 
tructures. 

Growth  of  the  heart — In  the  second  fetal  month  the  heart  forms  about  3.6  per  cent,  of  the 
ody.  The  relative  weight  decreases  to  about  0.7  per  cent,  at  the  close  of  fetal  life.  With  the 
reat  increase  in  the  weight  of  the  body  in  the  first  year  the  relative  heart-weight  drops  to 
bout  0.5  per  cent.,  and  from  this  time  there  is  very  slow  decrease  until  the  middle  years  of 
dult  life  when  the  average  relative  weight  of  the  heart  us  0.4  to  0.45  per  cent.  It  should  be 
^membered  that  during  fetal  life  the  heart  not  only  sends  the  blood  through  the  capillaries 
I  the  body  but  also  through  those  of  the  fetal  portion  of  the  placenta.  The  relation  of  the 
eight  of  the  heart  to  the  combined  weight  of  the  body  and  placenta  in  the  latter  fetal  months 
not  far  from  the  adult  ratio  of  heart-weight  to  body-weight  (0.47  to  0.45  per  cent.). 

The  growth  in  absolute  weight  of  the  heart  in  postnatallife  follows  the  course  of  the  visceral 
"oup  of  organs.  The  birth-weight  of  the  organ  (20  to  25  grams)  is  doubled  in  the  first  year, 
ipled  in  4  years  and  increased  6  to  8-fold  by  puberty.  The  total  postnatal  gain  in  absolute 
^art-weight  is  usually  about  12-fold. 

The  mass  of  the  walls  of  the  various  chambers  of  the  heart  is  distinctlv  modified  in  the  de- 
ilopmental  period.  The  atria  form  a  considerably  larger  proportion  of  the  heart-weight  in 
le  fetus  than  in  the  adult,  the  reduction  in  their  relative  weight  taking  place  mainly  in  early 
fancy.  In  the  fetal  period  the  weight  of  the  right  ventricle  is  equal  to  or  greater  than  that 
the  left.     But  the  additional  work  which  falls  to  the  left  ventricle  after  the  separation  of  the 
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systemic  and  pulmonary  circulations  at  birth  causes  this  portion  of  the  heart  to  grow  so  rapid! 
that  by  the  close  of  the  first  year  it  is  nearly  ^ice  the  weight  of  the  right  ventricle. 

The  lymphoid  and  sanguifactive  organs. — The  first  Mood-cells  of  the  hinnan  embr}'o  ai 
differentiated  in  connection  with  the  developing  blood-vessels  of  the  yolk-sac;  but  the  liv< 
soon  becomes  a  seat  of  blood-formation  and  remains  a  sanguifactive  organ  until  birth.  Ti 
bone-marrow  appears  as  the  primary  marrow  cavities  are  formed  in  the  course  of  the  ossificatio 
of  the  different  bones,  and  smce  the  first  ossification  centers  do  not  appear  until  the  sixth  we( 
there  is  little  differentiation  of  bone-marrow  until  after  the  period  oi  the  embryo.  The  sple* 
appears  in  the  fifth  week  as  a  thickening  of  the  layers  of  splanchnic  mesothelium  of  the  dors 
mesogastrium,  the  splenic  pulp  being  differentiated  from  a  mass  of  dense  mesenchyma  forme 
bv  the  proliferation  of  cells  from  the  splanchnic  layer  of  the  region.  The  fundaments  of  lympl 
glands  appear  in  the  third  month  as  collections  of  lymphoid  cells  about  plexuses  of  lymphat 
capillaries.  The  formation  of  lymph-glands  continues  through  fetal  life  and  probably  for  s 
indefinite  time  after  birth.  For  development  of  the  lymphatics  in  general,  see  Ltmphat 
System,  p.  739. 

The  growth  of  lymphoid  tissue  has  been  considered  in  connection  with  the  growth  of  organ 
It  is  characterized  by  a  relatively  great  amount  of  lymphoid  tissue  at  birth,  an  increase  i 
absolute  amount  until  about  puberty  and  a  subsequent  decline  in  amount  both  absolute  an 
relative  (fig.  24).  The  spleen,  however,  does  not  follow  this  course.  It  is  relatively  small  j 
early  fetal  life  but  increases  in  the  latter  part  of  the  period,  forming  about  0.3  percent  of  th 
body  at  birth.  During  postnatal  life  it  declines  in  relative  weight,  forming  less  than  0.2  p< 
cent,  of  the  body  in  the  adult.  The  increase  in  the  absolute  weight  of  the  spleen  in  postnat 
life  follows  the  course  of  the  splanchnic  group  of  organs. 

THE  NERVOUS  SYSTEM 

The  earl^  development  of  the  brain. — Even  before  the  neural  plate  is  folded  into  the  neur 
tube  it  is  differentiated  into  an  anterior  expanded  portion  whicn  represents  the  brain  and 
narrower  posterior  part  which  represents  the  spinal  cord.  As  the  anterior  part  of  the  plai 
becomes  tubular  it  is  further  divided  by  grooves  into  three  swellings  or  vesicles,  the  forebraij 
midbrain,  and  hindbrain  (figs.  36A  and  B).     As  these  chambers  differentiate,  the  axis  of  t\ 

Fig.  36.— a.  The  Brain  op  a  4.0  mm.  Human  Embryo.     (From  Lewis,  after  Bremer.) 
The  Brain  of  a  10.2  mm.  Embrto.     (From  Lewis,  after  His.) 
Except  the  isthmus,  is.,  the  principal  subdivisions  of  the  brain  are  indicated  by  prefixes  ( 
the  term  encephalon.    sp.c,  spinal  cord,    h.,  hemisphere,    o.v.,  optic  vesicle,    r.,  rhinei 
cephalon.    v.,  roof  of  the  fourth  ventricle. 


cephalic  portion  of  the  tube  is  bent  first  at  the  level  of  the  midbrain  (the  cephalic  flexure)  azu 
soon  after  at  the  juncture  of  the  hindbrain  at  the  cord  (the  cervical  flexure).  The  floor  of  thi 
middle  portion  of  the  hindbrain  is  curved  ventrally  at  a  much  later  time,  forminff  the  third  o 
pontine  flexure.  For  further  details  and  figures  of  the  early  development  of  the  brain,  see  pp 
11,  790. 

Before  the  forebrain  is  completely  closed  it  is  expanded  transversely  forming  lateral  out 
pouchings,  the  optic  vesicles.  Each  optic  vesicle  forms  a  distal  optic  cup  which  produces  th* 
retina  of  the  eye,  while  its  proximal  optic  stalk  remains  attached  to  the  torebrain  as  the  opt: 
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nerve.  The  point  of  attachment  of  the  optic  stalks  marks  the  line  of  division  of  the  forebrain 
into  two  secondary  vesicles,  an  anterior  telencephalon  and  a  posterior  diencephalon.  Some- 
what later  a  second  pair  of  lateral  outpouchings  are  formed  from  the  walls  of  the  telencephalon 
dorsal  to  the  optic  evaginations.  Tnese  are  the  cerebral  vesicles.  They  form  the  cerebral 
hemispheres  and  (secondarily)  the  olfactory  lobes  and  tracts.  The  diencephalon  forms  a 
smaller  part  of  the  forebrain.  Its  floor  is  depressed  posterior  to  the  optic  stalks,  forming  the 
embryonic  infundibulum  from  which  are  differentiated  the  posterior  lobe  of  the  hypophysis, 
the  mammillary  bodies,  the  tuber  cinereum,  and  the  infundibulum  of  the  adult.  The  lateral 
walls  of  the  diencephalon  are  thickened  forming  the  thalamus  and  geniculate  bodies.  The 
roof  becomes  membranous  anteriorly  to  form  the  epithelial  layer  of  the  tela  chorioidea;  pos- 
teriorly it  forms  the  pineal  body. 

The  walls  of  the  mesencephalon  become  greatly  thickened,  their  dorsal  portion  forming 
the  corpora  quadrigemina  and  their  ventral  portions  the  greater  part  of  the  cerebral  peduncles 
(crura  cerebn). 

Three  secondary  divisions  can  be  recognized  in  the  hindbrain  or  rhombencephalon:  (1)  a 
narrow  isthmus,  which  is  continuous  with  the  mesencephalon  anteriorly;  (2)  a  short  middle 
segment,  the  metacephalon ;  and  (3)  a  large  posterior  portion,  the  myelencephalon.  The  isth- 
mus changes  little  in  form  in  later  development.  It  is  represented  in  the  adult  by  a  portion  of 
the  brain-stem  which  includes  the  antenor  medullary  velum,  and  parts  of  the  brachium  con- 
junctivum  (superior  cerebellar  peduncles)  and  of  the  cerebral  peduncles.  The  metencephalon 
forms  an  expanded  and  thickened  rin^  of  the  brain-tube  immediately  behind  the  isthmus.  Its 
dorsal  part  forms  the  cerebellum  and  its  ventral  portion  the  pons.  In  early  stages  the  myelen- 
cephalon forms  a  widely  expanded  chamber  with  a  membranous  roof  and  a  thick  floor  which 
is  continuous  with  the  cord  without  anv  sharp  line  of  demarcation.  The  myelencephalon 
becomes  the  medulla  oblongata,  a  part  of  the  roof  forming  the  posterior  medullary  velum. 

The  spinal  cord. — ^In  the  young  embryo  the  spinal  cord  extends  to  the  extreme  caudal  end 
of  the  body;  but  with  the  regression  of  the  tail  m  the  latter  part  of  the  second  fetal  month 
there  may  be  recognized  an  anterior  or  trunk  portion  which  will  form  the  definitive  spinal  cord, 
and  a  posterior  or  caudal  segment  which  undergoes  partial  involution,  forming  the  filum  ter- 
minale.  The  distinction  between  these  two  portions  is  definitely  established  before  the  middle 
of  the  third  month.  The  cervical  an4  lumbar  enlargements  of  the  cord  can  be  recognized  by 
the  end  of  the  third  month.     For  relations  at  various  stages,  see  figs.  43-48. 

The  cerebrospinal  cavities. — The  central  lumen  of  the  neural  canal  is  never  lost  but  exists 
throughout  life  in  a  modified  form  as  the  central  canal  of  the  spinal  cord  and  the  ventricles  of 
the  brain.  The  lumen  in  the  lower  end  of  the  tnmk  portion  of  the  spinal  cord  remains  as  a 
chamber  of  some  size,  the  verUriculus  terminaliSy  but  in  the  remainder  of  the  cord  it  is  reduced 
in  relative  size  through  the  fusion  of  the  dorsal  part  of  the  lateral  walls  to  the  minute  central 
canal.  In  the  myelencephalon  and  the  metencephalon  the  lumen  ia  expanded,  forming  the 
fourth  ventricle;  while  in  the  isthmus  and  mesencephalon  it  is  reduced  to  a  narrow  channel. 
the  Sylvian  aqueduct.  The  third  ventricle  represents  the  expanded  anterior  end  of  the  canal 
in  the  forebrain  and  the  lateral  ventricles  its  lateral  extensions  which  are  produced  with  the 
evagination  of  the  cerebral  vesicles,  the  points  of  origin  of  these  extensions  being  represented 
by  the  interventricular  foramina.  The  epithelial  layers  of  the  choroid  plexuses  which  project 
into  the  third  and  fourth  ventricles  are  formed  by  the  invaginations  of  the  membranous  wall  of 
the  brain  in  these  regions  and  the  morphologic  continuity  of  the  walls  of  the  canal  is  not  inter- 
rupted, at  least  during  the  embryonic  and  the  early  fetal  periods.  The  so-called  fifth  ventricle 
(cavum  septi  pellucidi)  has  no  developmental  relation  to  the  cerebrospinal  cavities,  being  formed 
much  later  between  the  apposed  meaial  walls  of  the  hemispheres. 

Growth  of  the  central  nervous  system. — The  relative  weight  of  the  central  nervous  system 
in  the  developmental  period  has  been  considered  in  connection  with  the  general  growth  of 
systems.  The  absolute  weight  of  the  brain  at  the  end  of  the  third  fetal  month  is  about  3.5  gm. 
This  ia  increased  about  10-fold  by  the  middle  of  the  fetal  period  and  about  100-fold  by  birth. 
The  weight  of  the  brain  is  more  than  doubled  in  infancy  and  is  increased  about  3-fold  by  the 
close  of  the  first  period  of  childhood.  Thereafter  the  rate  of  absolute  growth  is  very  slow,  the 
adult  weight,  which  is  about  3.6  times  that  of  the  newborn,  being  commonly  attained  by 
the  close  of  the  fifteenth  year. 

The  spinai  cord  weighs  about  0.15  gm.  at  the  close  of  the  third  fetal  month,  increasing  about 
5-fold  by  the  middle  of  the  fetal  period  and  20-fold  by  birth.  The  cord  increases  about  8-fold 
in  postnatal  life,  most  of  this  growth  taking  place  in  infancy  and  early  childhood.  The  spinal 
cord  forms  about  16  per  cent,  of  the  central  nervous  system  in  the  second  fetal  month  but  there- 
after it  forms  a  decreasing  proportion  until  birth  when  it  is  less  than  1  per  cent.  In  postnatal 
life,  on  the  other  hand,  this  ratio  gradually  rises  to  about  2  per  cent. 

The  parts  of  the  brain  also  show  changing  relations  in  relative  size  during  the  developmental 
period.  The  brain^em  follows  the  course  of  the  cord,  forming  a  larger  proportion  of  the  brain 
in  fetal  life,  a  gradually  decreasing  proportion  in  the  later  part  of  prenatal  life,  and  a  small 
relative  increase  after  birth.  The  cerebellumy  on  the  other  nand,  grows  very  slowly  in  early 
'etal  life  but  in  the  later  fetal  months  enters  a  period  of  rapid  relative  growth  which  continues 
through  infancy  and  early  childhood.  It  forms  about  3  per  cent,  of  the  brain  in  the  third  fetal 
month,  about  6  per  cent  at  birth,  and  about  10  per  cent,  in  maturity.  For  topography  of  the 
developing  brain,  see  figs.  43-48,  also  fig.  746. 

The  development  of  the  oeripheral  nerves. — When  the  neural  tube  separates  from  the 
mrface  ectoderm  there  is  left  between  these  two  structures  a  narrow  plate  of  ectodermal  cells 
cnown  as  the  neural  crest.  These  cells  give  rise  to  all  of  the  sensory  nerves  of  the  cerebrospinal 
lystem,  with  the  exception  of  the  optic  and  olfactory  nerves  whose  development  is  considered 
n  connection  with  the  sense  organs.  The  motor  nerves  and  the  motor  portions  of  the  mixed 
lerves,  on  the  other  hand,  are  all  formed  as  processes  from  cells  located  in  the  ventral  or  ventro- 
ateral  portion  of  the  neural  tube.  The  course  of  development  of  the  spinal  and  cranial  nerves 
s  described  in  the  section  on  the  Nervous  System. 
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The  eye. — Four  elements  enter  into  the  formation  of  the  main  structures  of  the  eye.  These 
are:  (1)  the  optic  vesicle,  derived  from  the  lateral  wall  of  the  forebrain;  (2)  the  lentic  or  optic 
placode,  formed  by  a  thickening  of  the  surface  ectoderm  over  the  optic  vesicle;  (3)  a  zone  of 
surface  ectoderm  immediately  surrounding  the  lentic  placode  but  which  does  not  share  in  its 
thickening ;  and  (4)  the  head  mesenchyma  which  surrounds  the  optic  vesicle  and  placode. 

The  optic  vesicle  gives  rise  to  the  retina  (both  nervous  and  pigmented  layers),  the  epithe- 
lium covering  the  posterior  surface  of  the  iris  and  ciliary  body  and  the  optic  nerve.  The  lentic 
placode  is  converted  into  a  lentic  vesicle  which  later  forms  the  lens.  The  surface  ectoderm 
immediately  surrounding  the  lentic  placode  produces  the  anterior  epithelial  layer  of  the  cornea, 
the  epithelium  of  the  conjunctiva  and  the  parenchyma  of  the  lacrimal  gland.  The  surrounding 
mesenchvma  forms  the  sclerotic  and  choroid  coats  of  the  eye  and  their  derivatives.  The 
vitreous  oody  is  probablv  derived  in  part  from  the  ectodermal  and  in  part  from  the  mesenchymal 
elements  of  the  eye.  The  further  history  of  the  eye  is  described  in  connection  with  the  section 
on  the  Special  Sense  Organs  (p.  1114). 

The  ear. — As  has  been  previously  described  (pp.  17,  29),  the  outer  ear  is  formed  from  the 
first  branchial  groove  or  cleft,  the  middle  ear  is  a  derivative  of  the  first  branchial  pouch,  and 
the  auditory  ossicles  are  formed  from  the  upper  ends  of  the  cartilages  of  the  first  and  second 
branchial  arches.  The  inner  ear  is  formed  from  the  otocyst,  a  closed  sac  formed  from  the  otic 
or  auditory  placode  which  appears  as  a  thickening  of  surface  ectoderm  above  the  first  branchial 
arch.  The  development  of  the  ear  is  considered  in  more  detail  in  the  section  on  the  Special 
Sense  Organs  (p.  1129). 

The  ear  in  childhood. — The  ear  of  the  newborn  and  infant  differs  from  that  of  the  adult  in 
several  important  details.  The  external  auditory  meatus  is  relatively  short  and  straight  and 
there  is  no  true  bony  meatus.  The  tympanic  membrane  is  slightly  smaller  than  in  the  adult, 
but  it  acquires  its  full  size  in  infancy.  It  is  sliehtly  more  horizontal  in  early  life.  The  tym- 
panic cavity  and  ossicles  have  reached  their  full  size  at  birth  and  the  epitympanic  recess  and 
antrum  are  quite  as  large  as  in  maturity  if  not  larger.  The  antrum  lies  entirely  above  the 
tympanic  cavity  and  its  lateral  wall  is  omy  about  1  mm.  thick.  The  mastoid  process  does  not 
develop  until  after  the  first  year  and  the  mastoid  cells  usuallv  appear  in  later  childhood.  The 
auditory  (Eustachian)  tube  has  about  one-half  of  its  adult  length  at  birth  but  its  diameter  is 
quite  as  great  as  in  maturity.  The  tube  is  almost  horizontal  in  the  infant,  the  oblique  course  of 
tne  adult  tube  being  acquired  with  the  growth  of  the  nasopharynx  in  middle  and  later  childhood. 
The  internal  ear  has  practically  its  adult  dimensions  at  birth. 

The  olfactory  organ. — The  organ  of  smell  is  developed  from  the  epithelium  of  the  upper 
part  of  the  nasal  fossse,  whose  history  is  described  later  in  connection  with  the  development  of 
the  digestive  tract.  The  olfactory  nerve  is  formed  by  the  processes  of  specialized  cells  which 
remain  in  the  olfactory  mucosa.  A  rudimentary  olfactory  organ,  the  organ  of  Jacobson,  is 
represented  in  the  embryo  by  a  pair  of  small  pouches  in  the  nasal  septum.  These  usually  dis- 
appear in  the  later  part  of  fetal  life. 

THE  DEVELOPMENT  OF  THE  DIGESTIVE  TRACT 

Early  development. — In  the  early  embryo  four  main  structures  may  be  recognized  which 
play  a  part  in  the  later  development  of  the  digestive  and  respiratory  tracts.  These  are:  (1) 
the  nasal  pits  and  (2)  the  oral  sinus,  which  are  lined  with  ectoderm  derived  from  the  covering 
of  the  inferior  surface  of  the  head;  (3)  the  archenteron,  formed  from  the  entoderm  of  the  roof 
of  the  yolk-sac;  and  (4)  the  oloacal  membrane.  These  elements  form  the  epithelial  lininga 
of  the  digestive  and  respiratory  tracts  and  the  parenchyma  of  the  glands  connected  with  them. 
At  a  later  time  there  is  associated  with  them  a  considerable  amount  of  mesenchyma  which  gives 
rise  to  the  muscular  wall  and  the  connective  tissue  investments  of  the  tubes  and  to  the  support- 
ing framework  of  the  associated  glands. 

Some  of  the  general  changes  in  the  development  of  the  digestive  tract  are  shown  in  figs. 
37,  43,  44,  45  and  46.  The  oral  sinus  is  deepened  and  its  roof  gives  rise  to  a  median  pocket 
(Rathke's  pouch),  which  later  separates  and  forms  the  anterior  lobe  of  the  hvpophysis.  At 
the  same  time  the  bttccopkaryngeai  membrane  separating  the  sinus  from  the  cephalic  end  of  the 
pharynx  disappears  and  the  ectoderm  and  entoderm  becomes  continuous  in  this  region.  The 
foregut  is  differentiated  into  an  upper  expanded  pharynx  and  a  lower  tubular  segment  which 
later  forms  the  esophagus,  stomach,  and  a  portion  of  the  duodenum.  The  midgut  elongates 
and  its  connection  with  the  yolk-sac  is  reduced  tcTa  slender  yolk-«talk.  The  hindgvt  is  differ- 
entiated into  an  upper  tubular  portion  and  a  lower  chamber,  the  doaca.  The  latter  gives 
origin  to  the  allantois  and  its  floor  is  formed  in  part  by  the  cloacal  membrane.  The  cloaca  is 
later  divided,  in  the  frontal  plane,  into  a  dorsal  rectum  continuous  with  the  midgut  and  a  ven- 
tral urogenital  sinus  which  receives  the  allantois. 

The  mouth. — The  floor  of  the  embryonic  mouth  or  oral  sinus  is  formed  by  the  inner  surfaces 
of  the  mandibular  processes.  The  margins  of  its  roof  are  formed  laterally  by  the  maxillary 
processes  and  anteriorly  by  the  medial  nasal  process;  and  its  central  portion  includes  two 
membranous  plates  which  separate  the  oral  cavity  from  the  nasal  pits  above.  These  plates 
soon  disappear  and  the  oral  sinus  communicates  with  the  nasal  chambers  by  paired  primiiire 
choancB  (fig.  38).  The  definitive  palate  is  formed  by  the  growth  of  the  paired  palaitne  shilrts 
which  arise  from  the  medial  borders  of  the  maxillary  processes  and  grow  toward  each  other, 
fusing  in  the  midline.  In  this  manner  the  upper  part  of  the  original  oral  cavity  is  left  above 
the  palatine  shelves,  forming  the  inferior  portions  of  the  permanent  nasal  fossse.  The  formation 
of  the  boundaries  of  the  mouth  has  been  considered  in  connection  with  the  development  of 
the  face  (p.  16).  After  their  establishment  they  are  invaded  by  ridges  of  oral  epithelium 
which  form  the  oral  vestibule  separating  the  lips  and  cheeks  from  the  alveolar  processes. 

The  teeth. — The  teeth  are  formed  in  part  from  the  oral  ectoderm  and  in  part  from  the  meso- 
derm of  the  cores  of  the  maxillary  and  mandibular  arches.     The  ectodermal  portion  arises  a» 
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vertical  outgrowths  from  oral  epithelium  known  as  dental  shelves,  which  extend  into  the  alve- 
olar processes  and  lie  parallel  with  and  medial  to  the  labial  grooves.  A  series  of  twenty  cup- 
shaped  expansions,  the  enamel  organs,  form  on  the  free  edges  of  the  dental  shelves.  Each  of 
these  covers,  in  part,  a  small  mass  of  condensed  mesenchyma,  the  denial  papiUa  (figs.  39  and  40). 

Fig.  37. — Rbconstructions  op  the  Digestive  Tract. 
A,  of  an  embryo  2.5  mm.  long.     (After  Thompson  and  Lewis.)     B,  of  an  embryo  10  mm. 
long.     (After  Phisalix.) 


The  enamel  organs  enlarge  rapidly  and  their  connections  with  the  dental  shelves  are  reduced 
to  slender  necks.  Each  organ  is  differentiated  into  three  parts:  (1)  a  thin  outer  membrane 
attached  by  the  neck  to  the  dental  shelf;  (2)  an  inner  membrane  composed  of  a  single  layer  of 

Fig.  38. — Reconstruction  op  the  Oral  Region  of  an  Embryo  op  the  Second  Month. 
(From  Schaefifer  after  Kollman  and  Keith.)   . 
Al.,   alveolar  processes.     Max.pr.,  maxillary  process.     Med.n.pr.,   medial  nasal  process 
P.8.,  palatine  shelves.     U.I.,  upper  lip. 
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ligh  columnar  cells  or  ameloblasts;  and  (3)  an  intervening  spongy  mass,  the  enamel-pulp- 
!^incident  with  these  changes  the  dental  papilla  is  differentiated  into  a  peripheral  layer  of 
olumnar  cells  or  odontoblasts,  which  immediately  underlies  the  inner  layer  of  enamel  organ, 
ind  a  dense  central  core  which  is  highly  vascularized. 

The  portion  of  the  dental  shelves  which  is  not  involved  in  the  formation  of  the  deciduous 
eeth  gives  rise  to  a  second  set  of  enamel-organs  for  the  permanent  dentition. 
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The  calcification  of  the  teeth  begins  in  the  eighteenth  fetal  week  after  the  crowns  are  well 
outlined  (fig.  40).  The  process  starts  at  the  crown  of  the  tooth  and  extends  toward  the  root. 
Simple  teeth,  such  as  the  incisors,  have  single  centers  of  calcification  while  teeth  with  two  or 
more  cusps  have  separate  centers  tor  each  cusp,  which  soon  fuse  in  a  single  mass.     Ctdcification 


Fig.  39. — Diagrams  Showing  the  Early  Development  of  Three  Teeth.    One  is  shown  in 
vertical  section.     (After  Lewis  and  Stdhr.) 
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takes  place  in  both  the  ectodermal  and  the  mesodermal  parts  of  the  tooth  germ.  The  cells  of 
the  inner  laver  of  the  enamel  organ  (ameloblasts)  become  greatly  elongated  and  a  deposit  of 
enamel)  in  tne  form  of  fine  globules,  appears  at  their  outer  margins  and  gradually  fills  the  cells, 
converting  them  into  the  enamel-prisms.  The  peripheral  cells  of  the  dental  papilla  (odonto- 
blasts) likewise  assume  a  columnar  form  and  a  deposit  of  dentine  is  laid  down  between  them 


Fig.  40. — Section  Showing  Later  Stages  of  Tooth  Development.     (After  Szymonowicz.) 

'^^^^^^       Eptthelium  f4  oral  catity 


eoamel 


Dental 
vipitla 


and  the  ameloblasts.  As  this  material  increases  the  odontoblasts  retreat  toward  the  center  of 
the  dental  papilla,  but  processes  which  extend  from  them  remain  imbedded  in  the  dentine  as 
the  dentinal  fioers.  The  cementum  which  covers  the  dentine  of  the  root  is  produced  in  connec- 
tion with  the  surrounding  mesenchyma  in  a  manner  similar  to  the  formation  of  membrane-bone. 
The  center  of  the  dental  papilla  with  its  blood-vessels,  lymphatics  and  nerves  remains  as  the 
pulp  of  the  tooth. 
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At  the  time  of  birth  the  germs  of  all  the  deciduous  teeth  and  of  all  the  permanent  teeth, 
except  the  second  and  third  molars,  are  present,  and  those  of  the  deciduous  teeth  and  the  first 
permanent  molars  are  partially  calcified.  The  germs  of  the  second  permanent  molars  are 
formed  in  the  second  postnatal  month  but  those  of  the  third  molars  do  not  appear  until  about 
the  fifth  year.  The  later  history  of  the  teeth,  including  the  chronology  of  their  eruption,  is 
considered  in  connection  with  the  digestive  tract  (p.  1154). 

The  tongue. — The  anterior  part  of  the  tongue  is  formed  from  a  pair  of  lateral  lingual  swell- 
ings which  appear  in  the  floor  of  the  mouth,  at  the  level  of  the  first  branchial  arch,  early  in 
the  second  month.  These  fuse  together  medially,  replacing  an  earUer  median  swelling  in  this 
region,  the  tvbercuLum  impar.  The  posterior  part  of  the  tongue  is  formed  from  the  medial 
portion  of  the  second,  and  possibly  the  third,  branchial  arch.  The  muscvlcUure  of  the  tongue 
arises  in  situ  from  the  thickened  mesenchyma  of  the  Ungual  region  but  its  innervation  (by 
the  hypoglossal  nerve)  as  well  as  its  comparative  development  indicate  that  it  was  originally 
derived  from  certain  of  the  occipital  somites.  The  epithelium  of  the  tongue  is  probably  partly 
of  ectodermal  and  partly  of  entodermal  origin,  the  terminal  sulcus  indicating  the  boundary 
between  the  two  layers. 

Fig.  41. — Diagram  to  Show  the  Derivatives  of  the  Branchial  Pouches. 
le,  He,  Ille,  IVe,  Ve,  external  branchial  grooves.     li.  Hi,  Illi,  I Vi,  internal  branchial 
pouches.     Tons.,  palatine  tonsil.    EpIII,  EplV,  parathyroid  glands.     IJb,  ultimobranchial 
body.     Th.,  thyroid  gland.     D.th.gl.,  ductus  thyroglossus.     (Modified  from  Keibel  and  Mall.) 
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The  salivary  glands. — The  parotid  gland  is  formed  from  a  shelf-like  outgrowth  of  the 
epithelium  at  the  angle  of  the  mouth  between  the  maxillary  and  mandibular  processes ;  and  the 
submaxillarv  and  sublingual  glands  are  formed  from  similar  outgrowths  from  the  medial 
and  lateral  angles  of  the  grooves  between  the  tongue  and  lower  alveolar  processes.  The  general 
scheme  of  the  later  development  of  submaxillary  and  parotid  glands  and  the  major  portion 
of  the  sublingual  gland  is  much  the  same.  Eacli  grows  backward  as  a  keel-like  flange  which 
becomes  detached  from  the  oral  epitheUum  except  for  a  small  anterior  connection  which  rep- 
resents the  future  ostium  of  the  duct  of  the  gland.  The  proximal  portion  of  the  outgrowth 
forms  the  main  duct  of  the  gland ^  the  distal  expanded  portion  giving  rise,  by  repeated  divisions, 
to  the  smaller  ducts  and  alveoli.  The  minor  sublingual  mass  is  developed  from  a  series  of 
separate  outgrowths. 

The  pharynx. — The  pharynx  forms  a  considerable  portion  of  the  digestive  tube  in  the  young 
embryo.  Its  relative  size  undergoes  a  marked  decrease  in  fetal  life,  followed  by  a  slower 
reduction  after  birth.  During  infancy  and  childhood  the  length  of  the  pharynx  increases 
rapidly  while  the  anteroposterior  diameter  grows  slowly  and  the  width  remains  almost  un- 
changed. All  diameters  increase  in  middle  and  later  childhood  but  the  growth  in  length  is 
still  the  most  rapid.    In  adolescence  there  is  a  limited  growth  of  all  diameters. 

During  the  fourth  week  four  pairs  of  branchial  {pharyngeal)  jxmchea  are  formed  from  the 
lateral  walls  of  the  pharynx  and  a  single  median  outgrowth  (the  thyroid  diverticulum)  appears 
in  its  floor.  The  pharyngeal  pouches  correspond  in  position  to  the  branchial  grooves,  which 
are  formed  on  the  external  surface  of  the  neck,  and  are  separated  by  the  branchial  arches. 
They  give  rise  to  a  number  of  structures  which  are  quite  dissociated  in  later  life  (figs.  41  and 
66). 

The  first  pouch  is  directed  dorsally  and  laterally.  Its  outer  extremity  is  expanded  forming 
the  tympanic  cavity  of  the  middle  ear,  while  its  proximal  part  is  converted  into  the  auditory 
(Eustachian)  tube.  A  dorsal  recess  from  the  second  pouch  forms  the  tonsillar  sinus  and 
the  epithelial  portion  of  the  palatine  tonsil.  The  histories  of  the  third  and  fourth  pouches 
are  similar.  Both  form  dorsal  and  ventral  diverticula,  the  former  giving  rise  to  the  parenchym  a 
of  the  parathyroid  glands  and  the  latter  to  the  reticulum  and  thymic  (Hassal's)  corpuscles 
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of  the  thymus.  The  stalks  of  these  pouches  merge  in  the  piriform  recess.  A  pair  of  small 
uUimobranchial  bodies,  which  possibly  represent  a  fifth  pair  of  pouches,  arise  from  the  lateral 
walls  of  the  pharynx  behind  the  fourth  pouches.  They  form  epithelial  masses  which  migrate 
into  the  cervical  region  and  are  intimately  associated  with  the  thyroid.  It  is  improbable 
that  they  form  any  part  of  this  structure  but  they  may  give  rise  to  small  epithelial  masses 
known  as  the  glanatua  insularis  cervicaiis. 

The  palatine  tonsils. — About  the  fourth  fetal  month  solid  epithehal  buds  from  the  floor 
of  the  second  pouch  invade  the  surrounding  connective  tissue.  These  are  later  converted 
into  the  fossulse  and  glands  of  the  palatine  tonsil.  Lymphoid  cells  are  found  in  the  mesenchymal 
tissue  under  the  tonsillar  epithebum  in  the  sixth  fetal  month,  but  definite  lymphoid  nodules 
are  not  present  until  nearly  the  time  of  birth.  The  postnatal  growth  of  the  palatine  tonsil 
is  extremely  variable.  In  many  cases  they  reach  their  highest  development  m  the  fifth  or 
sixth  year  and  involution  takes  place  in  later  childhood.  Apparently,  in  other  instances, 
their  growth  may  continue  to  puberty  or  early  adolescence.  Early  in  the  third  fetal  month 
the  plica  triangularis  arises  from  the  floor  of  the  pharynx  opposite  the  second  pouch  and  grows 
upward  over  a  portion  of  the  tonsillar  sinus.  At  the  time  of  birth  the  plica  triangularis  forms 
a  fold  which  surrounds  the  tonsil,  except  for  a  small  portion  of  its  posterior  border,  and  covers 
a  part  of  its  free  surface.  The  tusion  of  the  plica  triangularis  with  the  walls  of  the  tonsillar 
sinus  is  already  under  way  at  this  time  and  many  specimens  show  the  characteristic  sub- 
divisions of  the  cavity  which  are  found  in  the  adult.  In  later  fetal  life  and  at  birth  the  tonsil 
lies  somewhat  higher  in  the  sinus  than  in  later  life  and  its  axis  is  horizontal.  The  tonsil 
descends  during  infancy  and  its  longer  axis  becomes  vertical. 

Fig.  42. — Development  op  the  Stomach. 
A,  embryo  5  mm.  long.    B,  embryo  8  mm.  long  (after  Broman).    C,  embryo  10  mm.  long. 
D,  embryo  19  mm.  long  (after  Lewis). 


The  pharyngeal  tonsil  and  bursa. — Early  in  the  second  fetal  month  there  appears  in  the 
roof  of  tne  pharynx  a  small  pouch,  the  vkaryngeal  hursOf  from  which  there  develop  a  series 
of  radiating  folds  which  extend  anteriorly  nearly  to  the  nasal  openings.  In  the  later  fetal 
months  these  are  invaded  by  lymphoid  tissue  and  are  converted  into  the  pharynaeal  UmsiL  The 
structure  reaches  its  maximum  development  in  early  childhood.  Its  involution  generally 
begins  in  the  prepuberal  period  and  is  completed  in  early  adolescence.  The  bursa  pharyngea 
is  commonly  converted  into  a  small  closed  cyst  which  remains  throughout  adult  life. 

The  esophagus. — The  esophagus  in  young  embryos  is  a  short  tube  of  relatively  large  caliber, 
flattened  from  side  to  side.  Dunng  the  early  part  of  the  second  month  it  becomes  considerably 
elongated  but  is  reduced  in  relative  diameter  and  assumes  a  cvlindrical  form.  At  birth  the 
tube  is  8  to  10  cm.  (3  to  4  in.)  in  length  from  the  cricoid  cartiiajge  to  the  cardia.  Its  length 
is  doubled  in  the  first  three  years  and  tripled  by  puberty,  but  there  seems  to  be  little  longi- 
tudinal growth  thereafter. 

The  stomach. — The  stomach  appears  in  the  fourth  week  as  a  spindle-shaped  enlargement 
of  the  lower  part  of  the  foregut.  Tnis  is  soon  subdivided  by  the  incisura  angiUaris  (or  gastric 
angle)  into  an  upper  expanded  cardiac  and  a  lower  tubular  pyloric  portion  (fig.  42).  The 
fundus  develops  as  an  outpouching  of  the  cardiac  portion  in  the  latter  part  of  the  second 
month  and  the  gastric  canal  ('Magenstrasse')  is  established  about  the  same  time.  A  little 
later  the  pyloric  portion  is  subdivided  into  pyloric  canal  and  antrum.  As  these  changes 
take  place  the  stomach  is  bent  to  the  right  at  tne  level  of  the  incisura  angularis,  and  the  entire 
organ  is  rotated  from  left  to  right  through  about  90  degrees.  After  this  time  the  stomach 
changes  httle  in  form  until  distended  by  its  contents,  either  before  or  immediately  after  birth, 
when  there  is  a  considerable  expansion  of  the  fundus,  body  andgreater  curvature. 

In  early  stages,  the  long  axis  of  the  stomach  is  vertical.  With  the  establishment  of  the 
incisura  angularis  it  often  becomes  transverse  or  oblique  but  it  commonly  returns  to  the  vertical 
position  in  late  fetal  life.  With  the  distension  which  occurs  at  birth  the  long  axis  again  becomes 
obliquely  transverse  and  this  position  is  usual  until  the  erect  posture  is  habitually  assumed, 
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Figs.  43,  44,  45,  46,  47  and  48. — A  Series  op  Reconstructions  and  Dissections  Illustrat- 
ing THE  Growth  and  Topography  op  the  Viscera  in  the  Developmental  Period. 
All  specimens  drawn  to  the  same  crown-rump  length. 
Fip.  43.  embryo  4.2  mm.  long.     (Modified  from  His.)     Fi^.  44.  embryo  11  mm.  long. 
(Modified  from  Jackson.)     Fig.  45,  embryo  17  mm.  long.     (Modified  trom  Jackson.)     Fie.  46, 
fetus  65  mm.  long.     (Modified  from  Jackson.)     Fig.  47,  newborn  51  cm.  long.     Fig.  48,  adoles- 
cent.    (Based  on  drawings  and  casts  of  His  and  Symington.)     Nervous  system,  yellow ;  gastro- 
intestinal tract,  red;  spleen,  blue;  Wolffian  body,  green.     All^  allantois.     Ao.,  aorta.    BI., 
bladder.     CI.,  cloaca.     C.V.,  cardinal  veins.     £.,  esophagus.     G.,  genital  gland.     Ht.,  heait. 
1.,  intestine.     K.,  kidney.    L.,  liver.     Lg.,  lung.     Ph.,  pharynx.    Sr.,  suprarenal  gland.    St., 
stomach.    U.,  uterus.     W.  b.,  Wolffian  body. 


Fig.  45 
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when  the  vertical  position  again  becomes  the  more  common.  At  the  time  of  its  differentiation 
the  stomach  lies  in  the  upper  part  of  the  thorax  but  in  early  fetal  life  it  descends  to  the  upper 
abdominal  region.  There  is  little  later  change  in  the  positions  of  the  orifices  of  the  stomach 
but  with  its  subsequent  growth  in  size  and  changes  in  form  the  lower  margin  gradually  descends 
in  the  abdomen  during  the  greater  part  of  childhood. 

The  stomach  grows  with  great  rapidity  in  the  latter  part  of  fetal  life  and  this  rate  is  con- 
tinued in  the  first  trimester  of  postnatal  life.  The  stomach  increases  in  weight  about  24  times 
between  birth  and  maturity,  its  postnatal  growth  following  the  course  of  the  splanchnic  group 
of  organs.  The  capacity  of  the  stomach  at  birth  is  about  30  cc.  It  rises  rapidly  to  about  90 
or  100  cc.  at  the  end  of  the  first  month  and  thereafter  increases  more  slowly  to  260  to  300  cc. 
at  the  end  of  the  first  year. 

The  development  of  the  intestines. — With  the  separation  of  the  archenteron  from  the 
yolk-sac  the  intestinal  tract  is  established  as  a  short  and  relatively  straight  tube  extending 
from  the  stomach  swelling  to  the  cloaca.  This  tube  in  its  rapid  elongation  is  thrown  into 
three  main  or  primary  loops  and  a  number  of  secondary  ones.  The  primary  loops  are:  (1) 
the  gastroduodenal  loop  which  forms  the  upper  portion  of  the  duodenum ;  (2)  the  enterocolic 
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or  umbilical  loop  which  gives  rise  to  the  distal  portion  of  the  duodeum,  the  jejunoileum,  and  the 
cecum,  ascending  colon  and  a  part  of  the  transverse  colon ;  and  (3;  the  left  colic  loop  which 
forms  the  remainder  of  the  large  intestine.  The  gastroduodenal  loop  is  short  and  simple 
needing  no  further  description.  The  umbilical  loop  first  lies  in  the  median  sagittal 
plane  of  the  body.  It  consists  of  a  cranial  and  a  caudal  limb  and  a  yolk-stalk  arises  from  its 
summit  which  projects  into  an  extension  of  the  body-cavity,  the  umbilical  celom.  A  slight 
swelling  on  the  caudal  limb  marks  the  position  of  the  cecum  and  the  division  between  smal 
and  large  intestines.  In  its  further  growth  the  umbilical  loop  turns  on  its  axis  and  its  caudal 
limb  is  carried  first  to  the  left,  then  anteriorly  and  later  to  the  right  of  the  proximal  one,  carrying 
the  cecum  with  it.  The  development  of  the  coils  of  the  small  intestine  (see  page  1194)  takes 
place  partly  in  the  abdominal  and  partly  in  the  umbilical  celom.  Durine  the  middle  of  the 
fourth  month  they  return  rather  suddenly  to  the  abdominal  cavity  and  following  this  the  first 
part  of  the  colon  and  the  cecum  pass  ventrally  over  the  small  intestines  to  lie  in  the  right 
hypochondriac  region  below  the  liver.  Later  the  cecum  descends  into  the  right  iliac  fossa  to 
a  level  a  little  below  that  occupied  in  the  adult.  Its  final  position  is  acquired  in  early  childhood 
after  a  slight  ascent  which  is  probably  associated  with  the  postnatal  growth  of  the  lumbar 
region. 

The  left  colic  loop  is  formed  by  the  bending  of  the  lower  part  of  the  intestinal  tube  to  the 
left  side  of  the  abdominal  cavity  some  time  after  the  formation  of  the  other  primary  intestinal 
loops.  Secondary  curves  in  this  loop  form  the  left  colic  (splenic)  and  sigmoid  flexures.  For 
further  details  on  the  development  of  the  intestines,  see  p.  1204. 

The  cecum  and  vermiform  process  (appendix). — The  formation  of  the  swelling  which  repre- 
sents the  cecum  was  mentioned  above.  After  the  rotation  of  the  umbilical  loop  the  cecal 
swelling  is  extended  as  finger-like  projection  from  the  ventral  surface  of  the  gut.  A  small 
diverticulum  which  represents  the  vermiform  process  arises  from  the  apex  of  this  projection 
in  the  third  fetal  month  (fig.  50).     The  vermiform  process  grows  rapidly,  reaching  its  full  rela- 
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tive  length  (as  compared  to  the  length  of  the  intestine)  by  the  middle  of  fetal  life.  In  the  fourth 
month  the  cecal  projection  is  bent  at  right  angles  to  the  main  axis  of  the  segment  of  the  intes- 
tine from  which  it  arises  and  the  ileocecal  valve  is  formed  by  invagination  of  the  terminal 
portion  of  the  walls  of  the  ileum  at  this  point.     At  birth  the  cecum  is  relatively  small.    Its 

Fia.  49. — Dissection  of  the  Thoracic  and  Abdoional  Viscera  op  a  Fetus  op  the  Fifth 

Month. 
C,  cecum.     CI.,  colon.     Ht.,  heart.     K.,  kidney.    L.,  lungs.     Sp.,  spleen.     Sr.,  suprarenal 
gland.     St.,  stomach.     U.,  umbilicus.     Ov.,  ovary. 


lower  end  becomes  directly  continuous  with  the  vermiform  process  without  a  sharp  line  of 
demarcation  and  the  cecal  sacculations  are  generally  absent.  The  appendix  usually  Ues  directly 
below  the  cecum  at  this  time,  or  is  bent  upward  at  an  acute  angle  along  its  medial  margin.  The 
dev^opment  of  the  cecal  sacculations  and  the  formation  of  a  distinct  cecal  fundus  usually 
takes  place  in  early  childhood  (generally  in  the  third  or  fourth  year). 

Fig.    50. — Four  Stages  in  the  Development  of  the  Cecum  and  Vermiform  Process. 

(After  Kollmann  and  Paterson.) 
A,  embryo  at  the  end  of  the  second  month.     B,  fetus  of  the  third  month.     C,  child  ten  weeks 
after  birth.     D,  child  of  5  years. 


The  rectum  and  anal  canal. — The  rectum  is  formed  from  the  dorsal  portion  of  the  cloaca 
which  is  separated  from  the  urogenital  sinus  by  the  formation  of  the  urorectal  septum.  At 
the  same  time  the  posterior  part  of  the  cloacal  membrane  is  separated  from  the  anterior  portion 
and  forms  the  aruu  plate  which  is  lat^r  invaginated  forming  the  anal  canal.  The  rectum  and 
anal  canal  are  separated  until  comparatively  late  in  the  development  by  the  anal  memhrane 
which  lies  at  the  level  of  the  future  anal  valves.  A  want  of  rupture  of  the  anal  membrane  is 
known  as  congenital  atresia  of  the  anus. 
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Growth  of  the  intestines. — The  growth  of  the  intestines  in  the  early  part  of  prenatal  life 
is  very  rapid.  At  birth  they  form  about  1.5  per  cent,  of  the  body  as  compared  with  0.75  per 
cent,  m  maturity.  The  absolute  length  of  the  intestines  at  birth  is  usually  between  350  and 
400  cm.  (12  to  14  feet).     The  intestinal  tract  grows  about  60  per  cent,  in  length  in  the  firet 

Fig.  51. — Diagbams  op  the  Development  op  the  Liveb.  (After  Lewis.) 
A,  the  condition  in  a  4.0  mm.  human  embryo.  B,  a  12  mm.  pig.  C,  the  arrangement 
of  ducts  in  the  human  adult,  c.d.,  cystic  duct,  c.p.,  cavity  of  the  peritoneum,  d.,  duodenum, 
d.c,  ductus  choledochus.  dia.,  diaphragm,  div..  diverticulum,  f.l.,  falciform  ligament. 
K.b.,  gall-bladder,  g.o.,  greater  omentum,  h.d.,  nepatic  duct,  ht.,  heart,  int..  intestine. 
R.,  liver.  I.O.,  lesser  omentum,  m.,  mediastinum,  oe.,  esophagus,  p.c,  pericardial  cavity. 
p.d.,  pancreatic  duct,  ph.,  pharynx,  p.v.,  portal  vein.  St.,  stomach,  tr.,  trabecula.  v.c.i., 
vena  cava  inferior,     v.v.,  vitelline  vein,     y.s.,  yolk-sac. 


year.  Thereafter  the  increase  is  much  slower,  the  length  in  the  adult  being  about  2.5  times 
that  of  the  newborn. 

In  the  early  part  of  the  embryonic  period  the  large  intestine  forms  nearly  one-half  of  the 
length  of  the  intestinal  tract.  But  by  the  fourth  fetid  month  it  is  reduced  to  about  one-fifth 
of  the  total  length  of  the  intestines  and  this  ratio  is  maintained  throughout  the  remainder  of 
life,  except  for  a  period  of  increase  in  the  length  of  the  colon  in  the  latter  fetal  months  due  to 
its  distension  by  meconium. 

The  liver. — The  liver  arises  in  the  third  week  as  a  thickened  area  in  the  floor  of  the  posterior 
part  of  the  foregut  (figs.  37A,  43,  51,  62).     This  area  forms  a  small,  thick-walled  pouch  m  which 


Fig.  52. — A,  B,  C,  Diagbams  Illustbating  the  Development  op  the  Pancbeas.  (After 
Laguesse.)  D,  Diagbam  Illustbating  the  Embbtonic  Constituents^  op^the  Adult 
Pancbeas.     (After  Charpy.) 
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may  be  recognized  an  anterior  hepatic  and  a  posterior  cystic  portion.  The  cystic  part  forms 
the  common  bile-duct,  the  gall-bladder  and  cystic  duct,  and  probably  the  main  hepatic  ducts. 
The  hepatic  portion  gives  rise  to  a  large  number  of  cellular  cords  which  anastomose  freely 
interdigitate  with  the  neighboring  veins,  and  form  the.  parenchyma  of  the  liver.  Certain  of 
these  cords,  which  lie  close  to  the  developing  portal  veins,  form  the  minor  hepatic  ducts.  For 
further  details  on  the  development  of  the  liver,  see  p.  1215  and  figs.  918,  963. 

The  liver  grows  with  great  rapidity  in  the  embryonic  period  forming  over  7  per  cent,  of 
the  body  in  the  second  and  third  fetal  months.  After  this  time  the  relative  weight  dechnes 
to  about  4  per  cent,  at  birth,  3  per  cent,  in  childhood  and  2.5  per  cent,  in  maturity.  The  post- 
natal growth  of  the  liver  in  absolute  weight  follows  the  general  course  of  the  splanchnic  viscera 
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and  the  total  increase  between  birth  and  maturity  is  about  13-fold.  In  fetal  life  the  gall- 
bladder ifl  small  in  proportion  to  the  liver,  being  more  or  less  buried  in  its  substance,  but  it 
grows  rapidly  in  infancy  and  the  adult  relation  between  these  structures  is  established  by  the 
end  of  the  second  year. 

The  pancreas. — The  pancreas  (fig.  52)  arises  in  the  fourth  week  from  two  thickenings  of 
the  wall  of  the  posterior  part  of  the  foregut..  The  first  of  these  to  appear  is  the  dorsal  pancreas 
which  is  formed  from  the  roof  of  the  primitive  duodenum  caudal  to  the  fundament  of  tne  stom- 
ach. The  second  or  ventral  pancreas,  which  is  sometimes  a  paired  structure,  arises  from  the 
floor  of  the  gut  at  the  cephalic  end  of  tne  liver-pouch.  Both  diverticula  differentiate  into  prox- 
imal stalks  and  distal  expanded  portions,  the  former  forming  the  main  ducts  of  the  glana  and 
the  latter  giving  rise  to  the  minor  ducts  and  alveoli.  Both  pancreatic  diverticula  turn  to  the 
right  in  their  growth  and,  passing  around  the  right  side  of  the  intestine,  come  in  contact  near 
the  point  of  origin  of  the  ventral  pancreas.  Later,  in  connection  with  the  rotation  of  the  intes- 
tinal tube,  the  pancreas  is  shifted  to  the  left  of  the  duodenum.  A  fusion  of  the  two  elements 
takes  place  through  the  anastomosis  of  their  main  ducts.  In  later  life  the  ventral  pancreas  is 
represented  by  the  proximal  portion  of  the  main  pancreatic  duct  and  the  lower  part  of  the 
head  of  the  pancreas.  The  remainder  of  the  parenchyma  of  the  gland,  the  accessory  pancreatic 
duct  (when  present)  and  the  distal  portion  of  the  mam  duct  are  derived  from  the  dorsal  pan- 
creas.    The  relation  of  the  pancreas  to  the  primitive  mesentery  is  shown  in  figs.  918  and  966. 

The  pancreas  grows  relatively  slowly  until  the  sixth  fetal  month  when  it  enters  on  a  period 
of  more  rapid  growth  which  extends  well  into  the  first  year  of  postnatal  life.  The  organ  in- 
creases in  weight  nearly  30  times  in  postnatal  life.  Its  general  course  of  growth  is  that  of  the 
splanchnic  group  of  viscera. 


THE  RESPIRATORY  SYSTEM 

Early  development  of  the  respiratory  system. — The  entodermal  fundament  of  the  respira- 
tory system  arises  in  the  third  week  as  a  median  groove  in  the  hind  part  of  the  floor  of  the 
pharynx.  The  cranial  portion  of  this  groove,  which  represents  the  latynx,  remains  attached 
to  the  pharynx  while  the  caudal  portion  grows  downward  as  a  respiratory  bud  which  represents 
the  trachea  and  the  lungs  (figs.  37 B,  43).  The  free  end  of  the  respiratory  bud  is  expanded  into 
a  rounded  vesicle  which  immediately  bifurcates  into  right  and  left  branches  or  lung-buds. 

Fig.  53. — Reconstruction   of   the   Lung   Outgrowths  of  Embrotos  of  (A)  4.3,   (B) 

8.5.,  AND  (C)  10.5  MM. 
Ap,   Pulmonary  artery;  Ep,  eparterial  bronchus;  Vp,  pulmonary  vein;  I,  second  lateral 
bronches;  II,  main  bronchi. — (His.) 


The  larynx. — The  cranial  end  of  the  respiratory  groove  forms  a  T-shaped  cleft  which  is 
bounded  anteriorly  by  a  transverse  ridge,  tne  fundament  of  the  epiglottis,  and  laterally  by 
paired  arytenoid  sweUings  which  represent  the  cuneiform  and  comiculate  tubercles  and  the 
aryepiglottic  folds.  The  epithelial  surfaces  of  the  arytenoid  swellings  soon  fuse,  forming  a 
plate  which  obliterates  the  upper  part  of  the  respiratory  groove.  The  cavity  of  the  larynx  is 
reestablished  in  the  second  month  by  the  disintegration  of  the  central  cells  of  this  plate.  The 
ventricle  and  ventricular  and  vocal  folds  are  formed  by  lateral  extensions  of  the  laryngeal 
cavity  in  this  region.  .  ,    ,.  , 

The  larvngeJ  cartflages  are  differentiated  in  the  mesenchyma  surrounding  the  epithehal 
tube  of  the  larynx.  Their  chondrifici  tion  begins  in  the  second  fetal  month  but  is  not  completed 
until  shortly  before  birth.  The  derivation  of  the  thyroid  cartilage  is  considered  in  connection 
with  the  development  of  the  branchial  skeleton  (p.  29). 

The  larynx  is  relatively  large  in  the  fetus  and  newborn.  At  birth  the  absolute  vertical 
dimensions  are  a  little  less  and  the  transverse  dimensions  a  little  more  than  one-third  those  of 
the  adult  (fig.  65).  Three  phases  can  be.recognized  in  the  postnatal  growth  of  the  larynx :  (1) 
a  period  of  general  rapid  growth  from  birth  to  2  or  3  years:  (2)  a  succeeding  period  to  prepuberty 
in  which  growth  proceeds  rather  slowly  although  there  are  some  alterations  in  form:  and  (3) 
a  second  period  of  rapid  growth  (most  noticeable  in  males)  in  later  childhood  and  adolescence. 
Sexual  differences  are  said  to  appear  in  the  larynx  in  the  third  year  and  after  this  time  the 
male  larynx  is  larger  than  the  female.  The  Jarynx  gradually  descends  in  the  neck  during  the 
fetal  period  and  cnildhood. 
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The  trachea. — The  trachea  is  formed  from  the  portion  of  the  respiratory  bud  lying  between 
the  laryngeal  groove  and  the  lung-buds.  The  tracheal  cartilages  and  musculature  develop  in 
the  second  month  from  the  mesenchyma  surrounding  the  tube,  and  the  tracheal  glands  &nt 
appear  towards  the  close  of  the  third  month.  The  length  of  the  trachea  is  nearly  tripled  be- 
tween birth  and  maturity.    The  diameter  of  the  trachea  increases  4  or  6-fold  after  birth. 

Fig.  64. — ^Reconstruction  op  the  Opening  into  the  Larynx  in  an  Eicbrto  of  Twenty- 
eight  Days.  Seen  from  behind  and  above,  the  dorsal  wall  of  the  pharynx  being  cut 
awav.  (From  McMurrich  after  Kallius.)  co,  Comicular,  and  cu,  cuneiform  tubercle.  Ep, 
epiglottis.     T,  unpaired  portion  of  the  tongue. 


The  lungs. — The  lining  of  the  bronchial  tree  and  the  alveoli  (air-cells)  of  the  limgs  is  formed 
by  the  repeated  division  of  the  lung-buds  and  their  branches  (fig.  63).  ^liile  the  terminal 
branches  of  the  bronchial  tree  arise  from  the  larger  stems  by  typical  dichotomous  division  the 
main  trunks  are  formed  by  monopodial  division,  straight  or  out  slightly  curved  while  the 
smaller  arise  as  side  branches  from  tnem.  From  an  early  stage  the  Iung4)ud8  are  asymmetrical, 
the  right  being  larger  than  the  left  and  directed  more  caudally.    The  early  branching  of  the 

Fig.  55. — Outline  Drawings  op  the  Larynges  op  an  Adult  and  a  Newborn.  Reduced 
to  the  same  size  and  superimposed,  showing  the  differences  in  proportions  at  birth  and  in 
maturity.     Adult  in  dotted  Ime;  newborn  m  sohd  line. 


buds  is  also  dissimilar,  the  light  bud  forming  two  side  buds  (representing  the  bronchial  ram 
or  the  upper  and  miodle  lobes;,  the  left  bud  forming  but  one  (representmg  the  bronchus  of 
the  upper  lobe). 

The  formation  of  alveoli  from  the  tips  of  the  terminal  branches  of  the  bronchial  tree  begins 
in  the  sixth  fetal  month.  Their  number  grows  rapidly  but  they  increase  little  in  site  before 
birth.  At  birth,  with  the  establishment  of  respiration  the  alveoli  expand  vigorously  their  lin- 
ing epithelium  being  reduced  from  a  columnar  to  a  squamous  type.  Aside  from  the  possible 
f growth  of  a  few  air-cells  from  the  walls  of  the  terminal  bronchioles  there  are  no  new  alveoh 
ormed  after  birth.  The  size  of  the  alveoli,  however,  continues  to  increase  throughout  life, 
even  to  extreme  old  age. 
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The  visceral  pleura  is  formed  from  the  splanchnic  mesoderm  of  the  parietal  part  of  the 
celom  which  carries  the  lung-buds  as  they  push  their  way  into  this  cavity,  and  the  stroma  of  the 
lung  is  probably  derived  from  cells  of  this  layer.  The  connective  tissue  of  the  lung  is  extremely 
abundant  in  the  early  part  of  the  fetal  period  but  the  relative  amount  is  greatly  reduced  in  the 
last  fetal  months  by  the  increase  in  the  number  of  alveoli  and  still  more  so  by  the  expansion 
of  the  alveoli  at  birth. 

The  lungs  are  formed  in  the  upper  cervical  region  but  in  their  development  they  descend 
at  first  rapidly  and  then  more  slowly  into  the  thoracic  cavity.  There  is  little  change  in  the 
position  of  the  limgs  in  infancy  but  a  slow  descent  in  childhood. 

The  lungs  reach  their  highest  relative  weight  in  the  fourth  fetal  month  when  they  form 
about  3.3  per  cent,  of  the  body.  In  the  newborn  they  form  about  1.7  to  2.0  per  cent,  and  in 
the  adult  about  1  per  cent,  of  the  body-weight.  The  growth  of  the  lungs  in  absolute  weight 
during  postnatal  life  follows  the  scheme  of  the  splanchnic  group  of  organs. 

The  nose  and  paranasal  sinuses. — The  formation  of  the  nasal  pits,  development  of  the 
external  nose,  and  establishment  of  the  hard  palate  have  already  been  considered  (p.  38).  In 
the  early  part  of  the  second  month  the  nasal  fossse  are  represented  by  the  two  nasal  pits  which 
open  to  the  surface  of  the  face  through  the  embryonic  nares  (fig.  17)  and  are  separatea  medially 
bv  the  primitive  nasal  septum.  They  communicate  with  the  oral  sinus  through  the  primitive 
choanse  (fig.  38). 

Fig.  56. — Lateral  View  of  a  Model  of  the  Nose  and  Pharynx  of  an  Embryo  of  6  Weeks. 

(After  Sudler.) 
Hyp.,  anterior  lobe  of  the  hypophysis.     N.,  nasal  cavity.     Submx.gl.,  submaxillary  gl^d. 
Thym.,  thymus.     Thyr.,  thyroid.     T.P^.  inferior  concha.     T.P*,.  middle  concha.     V.P.,  JSrst 
branchial  (pharyngeal)  pouch. 


The  floor  of  the  definitive  nasal  fossse  is  formed  by  the  fusion  of  the  palatine  shelves  of  the 
maxillary  processes.  During  this  change  the  primitive  choanse  are  merged  in  the  nasal  fossse 
and  the  definitive  choanse  are  formed,  eventually  assuming  their  final  position  between  the 
posterior  ends  of  the  nasal  fossse  and  the  nasopharynx.  At  the  same  time  the  lower  parts  of 
the  nasal  fossse  are  completely  separated  by  the  union  of  the  lower  margin  of  the  nasal  septum 
with  the  upper  surface  of  the  fused  palatine  shelves  (fig.  38). 

The  agger  nasi  and  inferior  concha  arise  as  processes  from  the  lateral  walls  of  the  nasal 
fossa  and  the  conchse  atx)ve  them  from  both  the  medial  and  lateral  wsdls  of  the  upper  parts  of 
the  fossse.  The  conchse  are  developed  in  part  by  the  actual  outgrowth  of  shelves  from  the  wall 
and  in  part  by  the  formation  of  grooves  which  limit  these  processes.  The  formation  of  the 
conchse  begins  in  the  seventh  week.  For  further  details  on  the  development  of  the  nose,  see  p. 
1238. 

When  the  definitive  nasal  fossse  are  first  established  they  are  quite  short  anteroposteriorly 
but  their  height  and  breadth  are  relatively  great.  During  fetal  hfe  the  length  of  the  chambers 
grows  more  rapidly  than  the  height  and  at  birth  the  fossae  are  relatively  long,  broad  and  low. 
The  height  of  the  fossse  increases  nearly  one-half  in  infancy  but  grows  much  more  slowly  there- 
after. At  7  years  it  is  about  twice  and  in  the  adult  2.5  to  3  times  as  great  as  in  the  newborn. 
Apparently  the  length  of  the  nasal  fossse  is  about  doubled  in  the  first  decade  and  increases 
little  thereafter.  The  breadth  of  the  nasal  cavity,  on  the  other  hand,  increases  very  slowly  in 
earlychildhood.  ^oor^l^ 

The  varanastd  sinuses  arise  as  evaginations  of  the  nasal  mucous  membrane  in  the  latter 
part  of  the  third  and  in  the  fourth  fetal  months.  Their  subsequent  history  is  considered  in  con- 
nection with  their  adult  anatomy  (p.  1238). 
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THE  UROGENITAL  SYSTEM 

All  three  germ-layers  are  involved  in  the  formation  of  the  urogenital  system.  The  meso- 
dermic  contribution  is  derived  from  the  intermediate  mesoderm,  the  entodermal  from  the 
caudal  ends  of  the  cloaca  and  allantois,  and  the  ectodermal  mainly  from  the  cloacal  membrane. 

The  excretory  portion  of  the  urogenital  system  is  derived  entirely  from  the  intermediate 
mesoderm.  In  man,  as  well  as  in  other  mammals,  and  in  reptiles  and  birds,  there  are  formed 
successively  in  the  embryo  three  sets  of  excretory  organs  or  kidneys.  The  first  of  these,  the 
pronephros  or  head-kidney,  is  a  rudimentary  structure  even  in  the  embryo  and  disappears 

FiG.  57. — A,  Dissection  op  an  Embryo  of  the  Fifth  Week,  Showing  the  Wolffian  Body. 

(After  Coste.) 
A.L.,  anterior  limb-bud.     AH.,  allantois.     B.S..  buccal  sinus.     Ht.,  heart.     I.a.,  cranial 
limb  of  umbilical  loop  of  the  intestine.     I.p.,  cauaal  limb  of  umbilical  loop  of  the  intestine. 
P.L.,  posterior  limb-bud.     W.B.,  Wolffian  body. 

B,  Transverse  Section  of  the  Wolffian  Body  of  a  Human  Embryo  10  mm.  Long.  (After 

Lewis.) 

ao.,  aorta,  c,  posterior  cardinal  vein,  gl.,  glomerulus  of  Wolffian  tubule,  g.r.,  genital 
ridge,  mes.,  mesentery,  s.c.v.,  subcardinal  vein,  si.,  sinusoid,  sy.,  sympathetic  nerves. 
W.d.,  Wolffian  duct.     W.t.,  Wolffian  tubule. 


completelv  except  for  its  duct.  The  second,  the  mesonephros  or  Wolffian  body,  becomes  a 
functional  excretory  organ  in  the  embryo,  but  later  degenerates  with  the  exception  of  certain 
portions  which  are  retained  as  parts  of  the  male  genital  system  and  others  which  remain  as 
vestigial  structures.     The  third,  the  metanephros,  remains  as  the  permanent  kidney. 

The  pronephros. — The  pronephros  arises  as  a  series  of  outgro\*i;hs  from  the  mtermediate 
cell-mass  of  the  cervical  region.  These  sprouts  develop  into  tubules  which  connect  mediallv 
with  the  body-cavity  and  end  blindly  lateraUy.  The  bUnd  ends  of  the  tubul€«  are  directed 
caudally  and  growing  backward  fuse  with  one  another  forming  a  soUd  cord.  The  pronephros 
is  a  transitory  structure  and  by  the  fifth  week  all  of  its  tubules  have  degenerated;  but  the 
longitudinal  cord  formed  from  them  persists,  acquires  a  lumen,  and,  growing  backward,  con- 
nects with  the  lateral  wall  of  the  cloaca.     It  is  now  called  the  Wolffian  duct. 

The  mesonephros  and  the  MtiUerian  ducts. — The  mesonephros  arises  as  a  senes  of  tubules 
from  the  intermediate  mesoderm  of  the  lower  cervical,  thoracic,  and  the  greater  part  of  the  lum- 
bar region.  These  tubules  become  disconnected  from  the  intermediate  cell-mass,  their  lateral 
ends  joining  the  Wolffian  duct  while  their  medial  extremities  are  expanded  into  cup-shaped 
vesicles  which  enclose  a  capillary  tuft  derived  from  arterial  sprigs  which  pass  to  them  from  the 
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aorta.  When  fully  developed  the  Wolffian  or  mesonephric  tubules  form  a  pair  of  large  masses 
projecting  from  the  dorsal  wall  of  the  abdominal  cavity  on  either  side  of  the  mesentery  (figs. 
43-45,  57 A).  These  masses,  the  Wolffian  bodies^  reach  their  greatest  development  in  the  sixth 
or  seventh  week  and  thereafter  undergo  a  rapid  mvolution,  except  for  certam  parts  which  are 
retained  in  connection  with  the  genital  glands. 

At  the  time  when  the  Wolffian  body  has  almost  reached  its  highest  development  the  peri- 
toneum near  its  cranial  end  on  the  medial  surface  is  invaginated  forming  a  second  longitudinal 
duct,  the  MUllerian  duct,  which  hes  parallel  with  the  Wolffian  duct.  The  Mtillerian  ducts 
erow  posteriorly  and  join  the  urogenital  sinus.  In  the  lower  part  of  their  course  the  MtUlerian 
ducts  lie  side  by  side.  They  subsequently  fuse  into  a  single  tube  in  this  region  and  open  into 
the  urogenital  sinus  through  a  single  ostium.  Their  upper  parts,  which  are  associated  with 
the  Wolffian  bodies,  remain  paired  and  separate. 

The  metanephros. — The  metanephros  or  permanent  kidney  is  formed  from  the  metanephric 
bud  (primitive  ureter),  which  is  an  outgrowth  from  the  Wolffian  duct,  and  from  a  thickened 
mass  of  mesenchyma,  the  metanephric  blastema,  derived  from  the  lower  part  of  the  intermediate 
mesoderm.  The  metanephric  bud  arises  from  the  lower  part  of  the  Wolffian  duct  in  the  fourth 
week.  It  grows  backward  and  upward  behind  the  Wolffian  body  where  its  distal  end  encounters 
and  becomes  imbedded  in  the  metanephric  blastema.  The  distal  end  forms  the  renal  pelvis 
while  the  proximal  portion  remains  as  the  ureter.  The  renal  tubules  are  formed  in  part  from 
the  renal  pelvis  and  in  part  from  the  metanephric  blastema,  the  former  giving  rise  to  the  straight 
and  arched  collecting  segments  and  the  latter  to  the  remainder  of  the  tubule.  The  metanephric 
blastema  also  forms  the  stroma  of  the  kidney.  The  renal  tubules  are  formed  in  a  series  of  14  to 
18  generations,  the  last  formed  tubules  occupying  the  periphery  of  the  kidney.  All  of  the  renal 
tubules  have  been  formed  at  birth  and  the  subsequent  increase  in  the  renal  parenchyma  (about 
90  per  cent,  of  the  total  growth)  takes  place  entirely  through  tubule  hypertrophy. 

Fig.  ,58. — Development  op  the  Urogenital  Sinus.     (From  Lewis  after  Keibel.) 
A,  embryo  11.5  mm.  long  (4>^  weeks).     B,  embryo  25  mm.  lon^;  (8J^  to  9  weekp).     a. 


anus,    al.d 
kidney,     r. 


allantoic  duct.  *'bJ.,l>ladder.     cl.,  cloaca.*^    M.d.,  Mftllenan  duct,     p.,  pelvis  of 
rectum,     ur.,  ureter,     u.s.,  urogenital  sinus.     W.d.,  Wolffian  duct. 


The  position  of  the  kidneys  changes  greatly  during  development.  Starting  in  the  sacral 
region  they  gradually  pass  into  the  abdominal  region  in  the  second  month.  In  later  fetal  life 
they  are  shifted  downward  so  that  their  lower  poles  are  usually  in  the  pelvis  at  the  time  of 
birth,  but  in  infancy  there  is  commonly  a  second  upward  shifting  of  the  kidneys.  The  later 
changes  in  the  position  of  the  kidneys  are  probably  passive,  dependent  on  the  growth  of  the 
posterior  wall  of  the  trunk. 

The  kidneys  form  about  0.7  per  cent,  of  the  weight  of  the  body  at  birth.  Thev  decrease 
bo  about  0.46  per  cent,  in  maturity,  their  total  postnatal  increase  being  about  14-fold.  Their 
P"0wth  in  absolute  weight  follows  the  general  course  of  the  splanchnic  group  of  organs. 

The  ttrogenital  sinus. — In  young  embryos  the  hindgut  and  the  allantois  unite  in  a  common 
iloaca.  This  chamber  is  joined  on  either  side  by  the  Wolffian  ducts  and  its  ventral  wall  is 
brmed,  in  part,  by  the  cloacal  membrane.  The  cloaca  becomes  divided,  in  the  frontal  plane. 
)y  the  rectourethral  septum  into  a  dorsal  (posterior)  rectum  and  a  ventral  (anterior)  urogenital 
mua.  This  partition  extends  to  the  cloacal  membrane  which  is  differentiated  into  a  ventral 
x)rtion,  associated  with  the  later  development  of  the  urogenital  sinus  and  a  dorsal  (posterior) 
)art  which  forms  the  anal  canal  (see  p.  38).  The  Wolffian  ducts  remain  connected  with  the 
irogenital  sinus  when  the  cloaca  is  divided,  and  the  ureters  which  spring  from  the  Wolffian 
lucts  separate  from  them  and  acquire  independent  openings  in  the  urogenital  sinus  cranial  to 
heostia  of  the  Wolffian  ducts.  At  this  time  also  the  Mtillerian  ducts  form  a  connection  with 
he  sinus  medial  to  the  openings  of  the  Wolffian  ducts. 

The  urogenit^  sinus  is  later  differentiated  into  three  segments.  The  upper  portion  (par? 
resicalis)  is  an  expanded  chamber  receiving  the  ureters  and  continuous  with  the  allantois 
rani^y.  The  middle  portion  (pars  urethralis)  is  a  short  tube  into  which  the  MtUlerian  and 
fVolffian  ducts  open.  The  lower  segment  (pars  phallica)  is  widely  expanded  and  Lb  floored  by 
he  ventral  portion  of  the  cloacal  membrane. 

The  pars  vesicalis  forms  the  bladder.  Its  lining  epitheUum  is  of  entodermal  origin  except 
n  the  region  of  the  future  trigone  which  is  derived  from  the  mesoderm  of  the  proximal  ends  of 
he  ureters.  The  connection  of  the  allantois  with  the  bladder  is  lost  in  the  second  fetal  month 
,nd  the  cranial  third  of  the  bladder  is  obliterated  in  fetal  hfe,  remaining  as  a  fibrous  band,  the 
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urachus.  At  birth  the  bladder  is  mainlv  an  abdominal  organ,  its  base  lying  behind  the  sym- 
physis pubis  and  its  apex  extending  halfway  to  the  umbilicus,  the  long  axis  of  the  contracted 
organ  being  almost  vertical  at  this  time.  During  postnatal  life  the  bladder  shifts  backward 
and  downward  in  the  pelvis.  Three  stages  can  be  recognized  in  this  process;  a  period  of  rapid 
descent  in  infancy  and  early  childhood,  a  stationary  phase  in  middle  and  later  childhood,  and 
a  final  period  of  slow  descent  in  adolescence. 

The  pars  urethralis  forms  the  entire  urethra  in  the  female  and  the  proximal  portion  of  the 
urethra  m  the  male.  In  the  third  fetal  month  the  pars  urethralis  gives  rise  to  a  series  of  longi- 
tudinal folds  from  which  are  formed  the  prostatic  tubules  of  the  male  and  the  corresponding 
but  rudimentary  paraurethral  (Skene's)  glands  of  the  female.  All  of  the  prostatic  glands  are 
formed  by  the  middle  of  fetal  life. 

The  pars  phailica  enlarges  in  the  second  fetal  month,  encroaching  on  the  pars  urethralis 
and  forming  a  shallow  vestibule  into  which  the  urethra  and  the  Mtiulerian  ducts  open  inde- 
pendently. In  its  further  development  (which  is  considered  in  connection  with  external 
genitalia)  the  pars  phalhca  is  converted  into  the  distal  part  of  the  urethra  in  the  male  and  the 
vestibule  in  the  female.  A  pair  of  evaginations  from  the  lower  part  of  the  pars  phailica  in  the 
fourth  fetal  month  gives  rise  to  the  bulbovestibular  glands  in  the  female  and  to  the  bulboure- 
thral glands  in  the  male. 

The  external  genitalia. — The  formation  of  the  external  genitalia  takes  place  through  the 
development  and  transformation  of  a  series  of  external  elevations  at  the  margins  of  the  cloacal 
membrane.  Each  of  these  structures  consists  of  a  central  core  of  mesenchyma  covered  bv  an 
outer  layer  of  the  ectoderm  of  the  perineal  region.  A  median  elevation,  the  cloacal  tubercle,  is 
formed  at  the  anterior  end  of  the  cloacal  membrane  in  the  fifth  or  sixtn  weeJc.  This  is  differ- 
entiated into  an  apical  phallus,  the  genital  eminence,  and  a  basal  portion,  the  genital  tubercle, 
which  surrounds  tne  root  of  the  phafius  and  extends  caudally  on  either  siae  of  uie  cloacal  mem- 
brane as  the  paired  genital  swellings.  At  the  same  time,  the  cloacal  membrane  forms  a  deep 
urethral  groove  the  hps  of  which  are  converted  into  a  second  pair  of  longitudinal  ridges  termed 
the  genital  folds,  which  lie  medial  to  the  genital  swellings.  The  urethriu  groove  between  them 
is  converted  into  a  longitudinal  sht  whicn  connects  the  vestibule  of  the  urogenital  sinus  with 
the  exterior. 

Fig.  59. — Diagrams  op  the  External  Genital  Organs.     (A)  of  a  male  embryo.    (B)  of  a 

female  embryo.     (After  Lewis.) 
a.,  anus,    g.,  glans  clitoridis  and  glans  penis.    g.f.,  genital  folds.    g.g.f.,  genital  swellings, 
r.,  raphe,    u.s.,  urogenital  sinus. 


In  the  female  the  phaUic  part  of  the  cloacal  tubercle  forms  the  clitoris  while  the  basal  portion 
forms  the  mons  veneris  craniallv  and  the  labia  majora  caudally.  The  median  slit  becomes 
the  rima  pudendi  and  the  genital  folds  at  its  margins  the  labia  mmora. 

In  the  male  the  phallic  portion  of  the  cloacal  tubercle  forms  the  greater  part  of  the  penis. 
The  genital  folds  are  not  so  fully  developed  in  the  male  but  the  margins  of  the  urethral  groove 
bend  medially  over  this  depression  and  fuse  along  the  median  line  converting  it  into  the  proxi- 
mal urethra.  The  anterior  extremity  remains  open  as  the  external  urethral  orifice.  The  genital 
swellings  disappear  in  the  male,  being  replaced  by  an  unpaired  scrotal  swelling. 

Origin  of  me  testis  and  ovary. — In  their  earlier  stages  no  differences  can  be  recognized  be- 
tween the  ovary  and  testis.  The  imdifferentiated  sex-gland  appears  as  a  ridge  on  the  medial 
side  of  the  Wolffian  body  extending  from  the  middle  thoracic  tnrough  the  abdominal  region. 
This  ridge  consists  of  a  covering  epithelium  and  an  inner  solid  core  formed  by  the  ingrowth  of 
this  covering.  Two  types  of  cells  may  be  recognized  in  the  gland,  those  having  their  origin  from 
the  epithelium  of  the  body  cavity,  and  larger  and  less  numerous  germ-celb  whose  origin  in 
man  i»  uncertain. 

Development  of  the  testis  and  its  ducts. — In  the  transformation  of  the  indifferent  genital 
gland  into  the  testis  the  inner  part  of  its  epithelial  core  is  converted  into  a  network  of  solid 
cords,  and  the  outer  part  forms  a  layer  of  dense  mesenchyma  which  underlies  the  covering 
epithelium  and  represents  the  tunica  albuginea  testis.  The  network  of  solid  cords  is  converted 
into  the  tubuli  contorti  (seminiferous  tubules),  the  tubuli  recti,  and  probably  a  portion  of  the 
rete  testis. 

With  this  differentiation  of  the  genital  gland  the  Wolffian  body  is  also  greatly  modified.  A 
number  of  the  upper  mesonephric  tubules  become  connected  with  the  rete  testis  and  form  the 
efferent  ducts  of  the  testis.  The  tubules  above  and  below  this  group  lose  their  connection 
with  the  Wolffian  duct  and  remain  as  vestigial  structures,  certain  of  the  upper  ones  forming 
the  appendix  testis  and  possibly  the  appendix  epididymidis,  and  the  lower  ones  the  paradidymis. 
The  Wolffian  duct  remains  in  its  entirety  as  the  ductus  epididymidis,  the  ductus  deferens,  and 
the  ejaculatory  duct.  The  seminal  vesicles  arise  as  outgrowths  of  the  ejaculatory  duct.  The 
Mi'dlerian  duct  degenerates  in  the  male,  except  for  its  lower  extremity  which  remains  as  the 
prostatic  utricle  (the  homolog  of  the  vagina)  and  for  its  uppilf  ilf  cranial  end  which  may  give 
rise  to  the  appendix  epididymidis  (fig.  1051). 
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Development  of  the  female  genital  tract. — In  the  female  the  core  of  the  genital  ridge  forms 
the  stroma  of  the  ovary,  the  cells  of  the  general  covering  epitheUum  give  nse  to  the  folHcular 
cells,  and  the  germ-cells  which  lie  in  the  epitheUum  develop  into  the  primitive  ova  (see  fig.  1040). 

The  early  changes  in  the  Wolfl&an  body  resemble  those  of  the  male.  The  upper  tubules 
degenerate  with  the  exception  of  one  or  two  which  remain  as  the  cystic  appendices  veaiculosi 
of  the  adult.  The  middle  group  of  tubules  form  the  epodphoron  (fig.  1042),  a  structure  homol- 
ogous with  the  efferent  ducts  of  the  testis  but  without  function,  w-hich  persists  and  increases 
in  size  until  maturity.  The  lower  group  of  tubules  imdergo  a  more  complete  involution 
although  remnants  of  them  persist  in  postnatal  life  as  the  paroophoron  (the  homolog  of  the  para- 
didymis). The  Wolflfian  duct  in  the  female  loses  its  connection  with  the  urogenital  sinus  but 
portions  of  it  may  be  retained  as  the  longitudinal  duct  of  the  epo5phoron  or  the  duct  of  Gartner 
(homolog  of  the  ductus  deferens  and  ductus  epididymidis). 

The  Mtillerian  duct  is  retained  in  its  entirety  in  the  female,  the  unpaired  portion  forming 
the  uterovaginal  canal  and  the  paired  portions  the  uterine  tubes  (fig.  1051).  For  the  develop- 
ment of  the  broad  hgament,  see  fig.  1040,  p.  1297. 

Descent  of  the  testis  and  ovaiy. — In  the  latter  part  of  the  second  fetal  month  the  testes 
extend  along  the  posterior  wall  of  the  trunk  from  the  thoracic  to  the  sacral  region.  In  tht 
third  mofith  they  are  found  in  the  ihac  f osssb,  from  the  fourth  to  the  seventh  month  at  the  level 
of  the  future  internal  abdominal  ring,  and  in  the  eighth  month  they  usually  pass  into  the  scro- 
tum (fig.  60).  The  causes  of  the  descent  of  the  testes  are  obscure.  Much  of  the  early  change 
in  position  is  due  not  to  the  actual  shifting  of  the  organs  but  to  the  involution  of  their  cranial 
parts.  The  later  changes  may  be  due  in  part  to  the  contraction  of  the  gubemaculum  testis,  an 
associated  ligament  of  the  fetal  testis  which  contains  smooth  muscle. 

Fig.  60. — Diagraus  op  the  Descent  op  the  Testis.     (From  Lewis  after   Eberth.) 

ep.,  epididymis,  p.c,  peritoneal  cavity,  p.v.  processus  vaginahs.  t.,  testis,  p.l., 
parietal  layer  of  the  tunica  vaginalis,    v.l.,  visceral  layer  of  the  tunica  vaginalis. 


The  passage  of  the  testes  through  the  inguinal  canal  is  preceded  by  the  invasion  of  the  solid 
strotum  by  a  pocket  of  peritoneum,  the  saccus  vaginalis,  which  later  partially  surroimds  the 
[testis  as  the  tunica  vaginalis.  The  connection  between  the  saccus  vaginalis  and  the  abdominal 
peritoneal  cavity  is  usually  patent  in  the  newborn,  being  commonly  closed  in  the  first  6  months 
after  birth.     For  further  details,  see  p.  1287. 

The  ovaries,  Uke  the  testes,  shift  from  an  abdominal  to  a  pelvic  position  in  the  early  part  of 
etal  life  (fig.  49).  although  their  final  position  is  usually  acquired  in  childhood.  In  their  pass- 
age the  axes  of  tne  ovaries  are  shifted  first  from  the  longitudinal  to  the  transverse  plane  of  the 
3ody  and  finally  into  the  sagittal  plane.  The  canal  of  Nuck,  the  homolog  of  the  saccus  vagin- 
ilis,  is  found  in  the  labia  majora  in  the  female  fetus.  It  is  generally  open  at  birth  but  is  obhter* 
ited  in  early  infancy. 

The  growth  of  Uie  male  genital  organs. — The  male  organs  of  generation  follow  without 
jxception  the  scheme  of  growth  of  the  genital  group  of  organs.  They  are  characterized  by 
ather  rapid  increase  in  the  later  fetal  months  and  this  phase  may  extend  into  the  first  months 
)f  postnatal  life.  Thereafter  there  is  little  change  in  their  absolute  weights  until  the  prepuberal 
>eriod,  when  a  stage  of  rapid  growth  begins  which  may  extend  through  adolescence  into  early 
Maturity.  Most  of  the  male  generative  organs  increase  over  thirty-fold  in  absolute  weight 
n  the  postnatal  period,  being  relatively  heavier  in  the  adult  than  in  the  newborn.  However, 
he  relative  size  of  the  testes  is  probably  greater  at  the  close  of  the  embryonic  period  than  at 
my  subsequent  time. 

The  growth  of  the  female  genital  organs. — All  of  the  female  genital  organs  grow  rapidly 
n  fetal  hfe  a'hd  are  relatively  large  at  birth.  In  postnatal  life  the  growth  of  the  vagina,  uterine 
ubes,  and  epodphoron  seem  to  follow  the  usual  course  of  the  genital  organs.  The  postnatal 
growth  of  the  ovaries  is  extremely  irregular,  the  weight  being  influenced  by  the  development  of 
he  ovarian  follicles,  a  process  which  is  active  in  childhood  as  well  as  in  maturity.  The  uterus 
n  the  neonatal  period  undergoes  a  marked  reduction  in  weight — a  change  which  has  been 
ittributed  to  the  withdrawal  of  a  placental  hormone  at  the  time  of  birth.  After  this  initial 
lecrease  there  is  fittle  change  in  the  size  of  the  organ  until  the  prepuberal  period  when  it  again 
'nters  on  a  phase  of  active  growth.  The  adult  (fimensions  are  probably  attained  by  puberty 
n  the  majority  of  cases.     The  paroSphoron  does  not  increase  in  size  after  birth. 

THE  CELOMIC  CAVITY 

The  general  plan  of  the  development  of  the  celom  as  a  cavity  formed  between  the  splanchnic 
tnd  somatic  layers  of  the  lateral  mesoderm  has  been  outhned  in  connection  with  the  develop- 
nent  of  the  mesoderm  (p.  12).  In  the  higher  mammals,  including  man,  the  celom  first  makes 
ts  appearance  in  the  region  of  the  heart  as  irregular  clefts  in  the  mesoderm  on  either  side  of 
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the  body.  These  spaces'unite  with  one  another  by  the  formation  of  a  communication  which 
crosses  the  midline  of  the  body  below  the  heart.  The  common  cavity  formed  by  this  fusion 
is  known  as  the  pericardial  celom  (fig.  61).    The  pleuroperitoneal  portion  of  the  celom  is 

Fig.  61. — Dorsal  View  of  a  Reconstruction  op  an  Embryo  about  2  mm.  Long,  Showing 
THE  EbcTENT  AND  DIVISIONS  OP  THE  EMBRYONIC  Celom.     (After  Dandy.) 
Ht.,  heart.     P.c,  pericardium.     P.C,  parietal  (pleural)  canal.     Pr.,  peritoneal  cavity. 


\ 


formed  by  the  caudal  extension  of  the  celom  in  the  lateral  plates  of  the  mesoderm  on  either 
side  of  the  body.  The  peritoneal  celom  communicates  freely  with  the  extraembryonic  celom 
at  the  margins  of  the  embryonic  disk. 

Fig.  62. — Sagittal  Section  Showing  the  Primitivb  Pericardial  and  Celomic  Communi- 
cation, Septum  Transversum,  Liver,  etc.,  in  a  Human  Embryo  of  3  mm.  (After 
Kollmann,  from  a  model  by  His.) 
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A  single  peritoneal  cavity  is  formed  from  the  two  lateral  ones  as  the  embryo  separates 
from  the  embryonic  disk,  and  the  ventral  abdominal  wall  is  formed.  During  this  proce® 
the  abdominal  portion  ol  the  archenteron  is  enclosed  between  the  right  and  left  layers  of 
splanchnic  mesoderm  which  are  reflected  upon  it  from  the  dorsal  and  ventral  abdominal  wall? 
These  layers  remain  dorsal  to  the  archenteron  as  the  dorsal  mesentery.  They  also  remaic 
ventral  to  the  archenteron  from  the  end  of  the  cavity  to  the  umbilical  region  as  the  ventral 
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mesentery.  Caudal  to  the  umbilicus,  however,  the  ventral  mesentery  disappears  and  the 
right  and  left  peritoneal  cavities  become  confluent.  The  formation  of  the  ventral  body-walls 
also  separates  the  peritoneal  cavity  from  the  extraembryonic  celom,  although  an  extraembryonic 
extension  of  the  peritoneal  cavity,  the  umbilical  celom,  remains  in  the  root  of  the  umbihcal 
cord  through  the  embryonic  period. 

T?te  separation  of  the  peritoneal,  pericardial  and  pleural  cavitiea. — The  final  divisions  of  the 
celom  are  separated  bv  the  formation  of  the  diaphragm  and  the  lateral  walls  of  the  middle 
mediastinum.  As  will  be  seen  from  figs.  61  and  62,  the  pericardial  celom  communicates 
with  the  peritonea]  portion  of  the  celom  only  by  a  pair  of  lateral  passages,  the  parietal  canals. 
These  channels  are  separated  in  the  midline  by  the  anterior  part  of  the  yolk-stalk  and  by  the 
vitelline-umbilical  trunks  which  pass  along  this  structure  to  reach  the  heart.  The  media 
partition  formed  by  these  structures  with  their  covering  of  splanchnic  mesoderm  is  called 
the  septum  transversum  and  is  the  fundament  of  the  greater  part  of  the  diaphragm.  In  the 
later  shifting  of  the  septum  transversum  the  cranial  parts  of  the  parietal  canals  become  funnel- 
shaped  spaces  which  are  invaded  by  the  lung-buds  and  which  form  the  fundaments  of  the 
pleural  cavities.  The  pleural  cavities  become  separated  from  the  pericardial  cavity  by  the 
pleuropericardial  membranes  which  arise  from  the  dorsal  and  lateral  walls  of  the  parietal 
cavity  enclosing  the  phrenic  nerve.  The  caudal  openings  of  the  pleural  cavities  into  tne  peri- 
toneal cavity  become  closed  by  the  pleuroperitoneal  membranes  which  arise  from  the  dorsal 
margin  of  the  septum  transversum  and  extend  dorsolaterally  to  imite  with  the  dorsal  abdom- 
inal wall  (fig.  63). 

Fia.  63. — ^Lateral  Vibw  op  an  Embryo  11  mm.  Long,  Showing  the  Pleuroperitoneal 
(P.  pr.)  AND  THE  Pleuropericardial  Membranes.     (P.  pc).  (After  Mall.) 
Ht.,  heart.    L.,  lung.     N.ph.,  phrenic  nerve.     S.,  stomach.    S.tr.,  septum  transversum. 
W,  Wolffian  body. 


The  fundament  of  the  diaphragm  is  formed  in  the  upper  cervical  region  and  rapidly  shifts 
caudally  in  the  embryonic  period.  The  musculature  of  the  diaphragm  is  derived  from  pre- 
muscle  masses  which  are  formed  in  the  cervical  region. 

The  further  history  of  the  peritoneum  is  considered  with  its  adult  anatomy  (p.  1172). 
The  development  of  the  tunica  vaginaUs  is  outlined  in  connection  with  the  descent  of  the 
testes  (p.  53).     For  relations  to  hernia,  see  p.  1397. 

THE  DUCTLESS  GLANDS 

The  several  varieties  of  ductless  glands  have  little  in  common  in  their  germ-layer  origin, 
in  the  method  of  their  early  development,  or  in  the  course  of  their  subsec^uent  growth. 

The  thyroid  gland. — The  thyroid  gland  appears  in  embryos  of  the  third  week  as  a  shallow 
median  depression  of  the  floor  of  the  pharynx  at  the  level  of  the  first  and  second  branchial 
pouches  (ng.  37 A).  This  outgrowth  is  converted  into  a  solid  mass  which  for  a  variable  period 
remains  connected  with  the  pharynx  by  a  solid  stalk,  but  which  eventually  becomes  detached 
and  migrates  into  the  region  of  the  neck  occupied  by  the  definitive  thyroid  gland  (cf.  p.  1316). 
The  sohd  mass  is  broken  into  a  number  of  fenestrated  epithelial  plates  from  which  the  thyroid 
follicles  are  developed.  Colloid  appears  in  the  thyroid  follicles  about  the  third  fetal  month. 
The  disappearance  of  the  colloid  at  birth  and  also  the  desquamation  and  partial  destruction 
of  the  follicular  epithelium  have  been  described,  but  are  of  doubtful  significance. 

The  thyroid  assumes  its  bilobed  form  at  an  early  stage  (fig.  41).  Its  stalk  may  persist 
in'part  as  the  pyramidal  lobe  of  the  gland  and  portions  of  it  occasionally  remain  as  isolated 
thyroid  masses  in  the  upper  cervical  region  or  in  the  base  of  the  tongue.  The  foramen  cecum 
of  the  tonsue  presumably  marks  the  point  of  its  pharyngeal  attachment. 

At  birtn  the  thyroid  weighs  from  2  to  3  grams  and  its  weight  increases  10  to  15-fold  in  post- 
natal life.     The  postnatal  changes  in  weight  follow  the  course  of  the  visceral  group  of  organs. 

The  parathyoid  glands. — The  parenchyma  of  the  parathyroid  glands  is  formed  from  the 
thickened  lateral  wcdls  of  the  dor^  extremities  of  the  third  and  fourth  pharyngeal  pouches 
(6g.  41,  Ep.  Ill  and  Ep.  IV).  These  masses  become  detached  from  the  pouches  in  the  second 
month  and  then  migrate  to  their  adult  position.     For  further  details,  see  p.  41. 

The  pineal  body. — The  pineal  body  (epiphysis  cerebri)  arises  in  the  fifth  week  as  a  diver- 
ticulum from  the  caudal  extremity  of  the  roof  of  the  diencephalon  (fig.  641).     The  distal 
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portion  of  this  pouch  becomes  the  body  of  the  epiphysis.  The  proximal  portion  remains  as 
the  stalk.  Ingrowths  of  connective  tissue  from  the  pia  mater  later  divide  the  body  of  the  organ 
into  lobules.  At  birth  the  structure  is  relatively  large  and  by  12  years  it  has  obtained  its  full 
size.  Structural  involution  of  the  pineal  body  begins  about  the  sixth  or  seventh  year  and  is 
practically  complete  by  puberty. 

The  hypophysis  cerebri. — The  anterior  or  glandular  lobe  of  the  hypophysis  cerebri  (pituitan- 
body)  is  formed  from  the  extremity  of  Rathke's  pouch  from  the  oral  sinus,  while  the  posterior 
or  neural  lobe  is  formed  from  a  part  of  the  infunaibular  depression  in  the  floor  of  the  forebrain. 
These  two  structures  come  in  contact  in  the  fourth  week.  The  extremity  of  Rathke's  pouch 
soon  becomes  detached  and  partially  incloses  the  neural  portion.  In  the  second  month  the 
walls  of  Rathke's  pouch  are  differentiated  into  cords  and  tubules  which  form  the  trabeculse 
and  acini  of  the  hypophyseal  parenchyma  and  obliterate  the  greater  part  of  its  central  cavity. 
The  infundibular  portion  undergoes  less  extensive  changes.  The  greater  part  of  the  stalk 
of  Hathke's  pouch  usually  disappears  but  a  portion  of  its  lower  part  probably  forms  the 
pharyngeal  hypophyHSf  a  constant  glandular  mass  resembling  the  anterior  lobe  of  the  hypo- 
physis and  located  in  the  region  of  the  pharyngeal  tonsil  (see  fig.  1069). 

The  hypophysis  weighs  about  0.12  grams  in  the  newborn  audits  mass  increases  5  or  6  times 
between  birtn  and  maturity.  The  curve  of  the  postnatal  increase  in  the  absolute  weight  of 
the  hypophysis  is  shown  in  fig.  24.  It  is  characterized  by  a  rapid  rise  in  infancy  and  eariy 
childhood  and  a  slow  but  steady  growth  thereafter  to  maturity. 

The  thymus. — While  a  part  of  the  thymus  is  of  branchial  origin  and  the  organ  is  commonly 
classed  with  the  ductless  glands,  both  its  finer  structure  and  the  course  of  its  growth  indicate 
a  close  relationship  with  the  lymphoid  organs.  In  man  the  thymus  first  appears  as  outgrowths 
of  the  walls  of  the  third  and  (inconstantly)  of  the  fourth  pair  of  branchial  pouches  (fis.  41). 
Usually  the  lower  portion  of  the  third  pouch  is  converted  mto  a  long  epithelial  tube  thelumen 
of  which  is  soon  obliterated.  Its  walls  are  reduced  to  a  reticular  network  whose  meshes  are 
invaded  by  numerous  lymphocytes.  The  thymic  (HassaFs)  corpuscles  are  formed  by  the 
secondary  aggregation  of  reticular  cells  of  entodermal  origin.     For  further  details,  see  p.  1321. 

In  its  growth  the  thymus  follows  the  typical  course  of  a  lymphoid  organ  (fig.  24).  At 
birth  it  forms  about  0.42  per  cent,  of  the  body.  This  relative  weight  drops  to  0.12  per  cent, 
in  later  childhood,  0.00  per  cent,  in  adolescence  and  0.05  to  0.02  per  cent,  in  early  maturity. 
The  absolute  weignt  rises  from  about  13  grams  at  birth  to  about  38  grams  at  puberty  and  then 
declines.  The  weight  of  the  thymus  is  at  all  periods  subject  to  great  individual  variation.  After 
birth  the  parenchyma  forms  a  constantly  decreasing  proportion  of  the  thymus. 

In  the  fetus  the  thymus  occupies  the  anterior  part  of  the  superior  mediastinum  and  often 
a  little  of  the  lower  cervical  region.  Its  thoracic  portion  is  usually  widely  expanded  coming 
in  contact  with  the  anterior  chest  wall  over  a  considerable  area.  With  the  establishment 
of  respiration  at  birth  the  gland  is  pressed  between  the  expanding  medial  borders  of  the  lungs 
and  moulded  into  the  more  elongate  form  which  is  characteristic  of  infancy  and  childhood 
(figs.  1058.  1059). 

The  cnromdBIn  bodies. — The  cells  of  the  various  masses  of  chromaflBn  tissue  (aortic 
bodies,  carotid  bodies,  cardiac  bodies,  etc.)  have  their  primary  origin  in  the  neural  crest  (see 
p.  1321)  and  form  a  part  of  the  stream  of  cells  which  migrate  to  the  ventral  side  of  the  vertebral 
column.  These  walls  give  rise  both  to  cells  of  the  sympathetic  gangUa  and  to  thechromaffm 
cells,  the  distinction  between  the  two  becoming  evident  in  the  latter  part  of  the  second  month. 
The  chromaflSn  bodies  form  prominent  structures  in  the  fetus  and  newborn,  the  largest  being 
the  aortic  bodies  which  are  located  on  either  side  of  the  abdominal  aorta  (fig.  1066).  After 
infancy  they  undergo  partial  involution. 

The  suprarenal  glands. — The  suprarenal  glands  have  a  dual  origin,  the  medulla  being 
formed  of  cnromaffin  tissue  (vide  supra)  and  the  cortex  from  the  lining  of  the  celom.  The  cortex 
appears  in  the  fourth  week  as  buds  of  celomic  epithelium  which  project  from  the  root  of  the 
mesentery  into  the  loose  mesenchyma.  These  form  a  compact  isolated  mass  of  epithelial 
cords  lying  on  either  side  of  the  aorta.  The  medulla  is  formed  by  the  migration  of  chromaffin 
cells  into  the  center  of  the  mass  of  cortex.  This  process  begins  in  the  second  month  and  con- 
tinues through  the  greater  part  of  the  fetal  period.     For  further  details,  see  p.  1324. 

The  suprarenals  follow  a  peculiar  growth-cycle  (fig.  24).  Growing  rapidly  in  fetal  life 
they  acouire  an  average  weight  of  about  7  grams  at  birth.  Durinij  the  period  of  the  newborn 
they  undergo  a  rapid  decrease  to  about  one-third  of  their  natal  weight.  There  is  little  increase 
in  weight  in  infancy  or  early  childhood  but  apparently  a  rapid  phase  of  growth  in  middle  or 
later  childhood  and  a  slower  gain  thereafter.  The  relative  weight  of  the  suprarenals  is  approxi- 
mately 0.46  per  cent,  of  the  body-weight  from  the  fourth  fetal  month  untd  birth.  Following 
the  postnatal  decrease  it  drops  to  about  0.15  per  cent.,  rising  again  to  about  0.2  per  cent,  in 
the  adult.  The  neonatal  decrease  of  the  suprarenals  is  caused  by  the  involution  of  the  middle 
and  inner  cortical  zones,  which  are  not  regenerated  from  the  outer  zone  until  after  the  middle 
of  the  first  period  of  childhood. 

THE  SKIN  AND  APPENDAGES 

The  skin. — The  epidermal  portion  of  the  skin  is  formed  from  the  surface  ectoderm  of  the 
embryo  while  the  dermis  is  derived  from  the  underlying  mesenchyma.  In  an  early  stAge 
the  epidermis  consists  of  two  layers,  a  surface  layer  of  flattened  cells,  the  periderm,  and  a  basal 
layer  of  columnar  germinative  cells.  The  layers  of  the  epidermis  recognizable  in  the  adult 
skin  do  not  appear  until  about  the  middle  of  the  of  fetal  life .  The  dermis  becomes  distinguishable 
from  the  underlying  tela  subcutanea  in  the  third  month  but  its  division  into  reticular  and  papil- 
lary layers  does  not  occur  until  late  in  fetal  life.  The  hair-follicles  are  formed  from  solid 
downgrowths  of  the  germinal  layer  of  the  epidermis.  The  first  appear  at  the  close  of  the 
second  month  but  the  general  hair-coat  does  not  form  before  the  fourth  month.     New  hair- 
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follicles  are  formed  until  birth  and  probably  for  some  time  thereafter.  The  first  hairs  or 
fetal  lanugo  are  soon  shed,  the  process  beginning  before  birth,  and  a  second  shedding  of  the 
infantile  hair,  including  the  hair  of  the  eyelashes  and  crown,  takes  place  about  the  end  of  the 
first  year.  After  this  time  there  is  a  constant  hair-change  but  no  definite  periods  of  shedding 
can  be  recognized.  The  sebaceous  glands  arise  as  lateral  outgrowths  of  the  developing  hair- 
follicles.  The  sudoriferous  elands  (sweat  glands)  are  formed  as  solid  downgrowth  of  the 
epithelium  in  the  fourth  or  fifth  months.  All  of  the  sudoriferous  glands  are  formed  in  fetal 
life.    For  further  details  on  the  development  of  the  skin,  see  pp.  66,  69. 

The  areas  occupied  by  the  nails  are  marked  out  on  the  dorsal  siirface  of  the  digits  in  the 
early  part  of  the  third  month.  The  epithehum  at  the  proximal  margin  of  the  nail-area  is 
invagmated  forming  the  proximal  or  posterior  nail-fold  which  projects  into  dermal  mesenchyma, 
and  smaller  folds  are  formed  at  the  lateral  margins  of  the  nails.  The  middle  cells  of  the 
invagination  form  the  homy  layer  of  the  nail  and  the  lower  cells  form  the  germinative  layer. 
The  upper  cells  or  periderm  form  a  superficial  covering,  the  eponychiunif  which  is  later  thrown 
off  except  for  a  narrow  proximal  margm  which  persists  through  life.  The  dermal  mesenchyma 
underl3rmg  the  epithelial  nail  forms  the  nail-bed.     For  the  growth  of  the  nails,  see  p.  70. 

The  mammary  glands. — In  the  fourth  week  a  thickening  of  the  surface  ectoderm,  the 
inammary  line,  is  formed  on  either  side  of  the  trunk  extending  from  the  anterior  to  the  poste- 
rior Umb-bud.  The  portion  of  the  mammary  line  in  the  region  of  the  future  mammary  gland 
forms  a  solid  mass  of  epithelium,  the  mammary  hillock.  The  lactiferous  ducts  develop  as 
outtrrowths  from  the  basal  portion  of  the  mammary  hillock  and  the  minor  ducts  and  alveoli 
of  the  gland  are  formed  through  the  further  growtn  and  subdivision  of  the  lactiferous  ducts. 
For  further  details,  see  p.  79. 

Soon  after  birtn  a  sught  secretion  (witch's  milk)  is  formed  in  the  lactiferous  ducts  of  the 
mammary  glands  of  both  male  and  female  infants.  Ordinarily  this  secretion  ceases  by  the  close 
of  the  third  postnatal  week.  There  is  little  change  in  the  structure  of  the  mammary  gland 
in  childhood  but  in  the  latter  part  of  the  prepubertal  period  in  the  female  there  is  a  rapid 
growth  of  the  gland  parenchyma  together  with  an  increase  in  the  adipose  and  elastic  tissue. 

References  on  developmental  anatomy. — Embryology:  Keibel  and  Mall,  Human  Em- 
bryology (2  vols.);  McMurrich,  Development  of  the  Human  Body;  Bryce,  Quain^s  Anatomy, 
11th  ed.,  vol  1;  Keith,  Human  EmDiyology  and  Morphology;  Broman,  Normale  imd 
abnorme  Entwicklimg  aes  Menschen.  Growtn:  Minot,  Age,  Growth  and  Death;  Jackson. 
Amer.  Jour.  Anat.,  vol.  9;  Anat.  Record,  vol.  3.;  Retzius,  Biol.  Untersuch.,  vol.  11*  Dufestei 
La  Croissance.  PostruUal  Development:  Bardeen,  Carnegie  Contributions  to  Embryology, 
No.  49:  Ballantyne.  Introduction  to  the  Diseases  of  Infancy;  Symington,  The  Topographical 
Anatomy  of  the  Cnild;  Scammon,  Outline  of  the  Anatomy  of  the  Infant  and  Child,  Abt's 
System  of  Piidiatrics,  vol.  1. 
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THE  SKIN 

f'p^HE  bodies  of  all  animals  present  a  modified  surface  layer  inclosing  and  pro- 
I  tecting  their  more  delicate  inner  parts.  The  existence  of  the  individual 
J^  largely  depends  upon  the  integrity  of  this  limiting  envelope  and  through 
it  exchanges  between  the  environment  and  the  individual  must  take  place.  In 
the  lowest  animals  such  a  modified  surface  layer  is  known  as  the  ectoplasm, 
perisarc,  theca,  coat,  etc.  while  in  man  and  higher  animals  it  is  the  skin.  When  an 
area  of  skin  is  destroyed  the  fluids  of  the  body  flow  out  freely  and  the  elements  of 
the  environment  invade  the  exposed  parts.  If  the  destruction  of  skin  be  too 
extensive,  the  individual  is  unable  to  maintain  itself  and  actually  disintegrates  into 
the  environment.  On  the  basis  of  such  a  conception,  the  skin  becomes  one  of  the 
most  important  and  complicated  organs  of  the  body,  both  as  to  structure  and 
functions. 

The  human  skin,  or  common  integument  [integumentum  commune],  covering 
the  entire  surface  of  the  body  and  blending  with  the  epithelial  lining  of  the  inner 
tubes  at  their  orifices  is  so  constructed  as  to  maintain  wide  physical  and  chemical 
differences  between  the  internal  structures  on  the  one  side  and  the  external 
environment  on  the  other.  At  the  same  time  the  skin  permits  exchanges  of 
fluids  and,  through  special  modifications,  supplies  all  sensory  communication 
and  appreciation  of  the  surrounding  world. 

The  primary  function  of  the  skin  is  protective,  but  in  addition  and  in  connection 
with  this  fimction  it  supphes  the  mechanism  for  regulating  or  maintaining  the 
body-temperature,  the  sensory  apparatus  for  receiving  impressions,  widely 
distributed  glands  for  the  secretion  of  sweat  and  sebum,  local  glands  secreting 
waxes  and  the  milk-glands  on  which  the  existence  of  the  race  has  depended.  The 
skin  also  possesses  shght  powers  of  excretion,  respiration  and  absorption.  Its 
outer  layer  further  gives  rise  to  the  hair  and  nails  which  are  protective  in  nature. 

The  receptor  portions  of  the  organs  of  special  sense  are  developmental  modi- 
fications of  the  embryonic  skin.  Thus  all  means  of  acquaintance  with  the  world 
about  must  depend  primarily  upon  skin-organs.  And  finally  the  stimuli  received 
by  the  organs  of  special  sense  are  conveyed  to  the  central  nervous  system,  the 
brain  and  spinal  cord,  which  in  evolution  and  embryonic  development  represent  a 
modified  portion  of  the  embryonic  skin  or  ectoderm.  The  skin  of  animals, 
broadly    speaking,    is  the  protective  and  sensory  sheath  enclosing  the  body. 

Layers. — The  skin  consists  of  two  principal  layers.  The  outer  layer,  epidermis 
or  scarf-skin,  contains  no  vessels  and  is  derived  from  the  ectoderm.  This  is  truly 
the  protecting  layer  and  from  modifications  of  it  the  hair,  nails  and  skin-glands  as 
protect!^  organs  are  derived,  although  these  may  later  extend  deep  into  the 
underlying  tissues  (fig.  64).  Immediately  below  this  outer  epithelial  epidermis 
lies  the  corium  (cutis,  derma)  or  connective  tissue  skin.  This  is  richly  supphed 
with  blood  and  lymph-vessels  and  from  these  the  epidermis  is  nourished.     Sensory 
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end-organs  and  nerves  are  also  very  abundant  in  the  corium.  Further  details  of 
structure  of  the  corium  and  its  relation  to  the  surface  patterns  of  the  epidermis 
are  described  later.  The  corium  passes  imperceptibly  into  a  deeper,  looser 
connective  tissue  layer,  the  tela  subcutanea  or  superficial  fascia,  which  serves  to 
connect  more  or  less  loosely  the  corium  or  skin  proper  to  the  deep  fascia  or  under- 
lying tissues. 

Thickness. — In  general  the  skin  on  the  more  exposed  or  extensor  surfaces 
of  the  body  and  extremities  is  thicker  and  less  sensitive  than  on  the  ventral  surfaces 
yet  on  the  palms  and  soles  it  is  thicker  than  in  any  dorsal  region  except  the  neck 
and  interscapular  back  region.  At  the  same  time  the  palm  and  sole  skin  is 
highly  sensitive.  The  average  thickness  is  from  1  to  2  mm.;  but  over  the  tym- 
panic membrane  and  eyelids  it  may  be  less  than  0.5  mm.,  .while  on  the  back  it 
may  reach  almost  5  mm.  in  thickness. 


Fig.  64. — Vertical  Section  of  the  Sole  op  the  Foot  of  an  Adult. 
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The  color  of  the  dorsal  skin  and  also  of  the  dorsal  hair,  which  includes  the 
head-hair,  is  darker  than  the  ventral  skin  and  ventral  hair,  such  as  the  beard.  An 
individual  may  have  black  crown  hair  and  a  lighter  or  red  beard  but  rarely,  if 
ever,  the  reverse  arrangement. 


The  color  of  the  skin  has  considerable  general  significance  and  the  races  of  mankind  are 
roughly  separated  on  such  a  basis  into  Caucasian  or  white,  Mongolian  or  yellow.  Malay  or 
brown^  Indian  or  red,  Ethiopian  or  black.  The  hair  and  eye-color  are  very  dark  brown  or 
black  in  all  races  except  the  white.  This  race  of  mankind  alone  shows  golden  or  flaxen  hair 
and  blue  eyes.  The  color  of  the  skin  varies  with  the  amount  of  melanin  pigment  present  in 
the  deepest  layers  of  the  epidermis,  being  black  in  the  negro  where  it  is  most  abundant  and 
decreasmg  in  the  different  races  to  the  scantest  amount  in  the  blonde  Caucasian.  The  blood 
in  the  cutaneous  vessels  also  affects  the  color  of  the  skin,  giving  the  pinkish  complexion  to  the 
albino  and  blonde;  in  the  brunette  often  producing  a  dark  color  below  the  eyes  and  about  the 
hps.  The  influence  of  the  blood  on  skin-color  is  readily  appreciated  by  noting  the  blueness 
of  the  hps  and  fingers  when  very  cold,  the  scarlet  flush  of  anger,  and  the  pallidness  of  fear. 

The  skin  of  blondes  on  exposure  to  strong  sunlight  or  cutting  winds  becomes  red,  and  usu- 
ally shows  later  irregular  pigmented  spots  or  freckles.  Darker  mdividuals  become  uniformly 
pigmented  or  tanned  on  exposure.  Both  tan  and  freckles  are  more  or  less  transient  and  gen- 
erally disappear  when  the  body  is  no  longer  exposed. 

Complete  absence  of  pigment  from  the  skin  gives  the  condition  known  as  albinism.     Partial 
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absence  of  pigment  or  white  spots  at  times  occur;  if  congenital  the  condition  is  known  as  leuko- 
derma, if  acquired  it  is  called  vitiligo. 

Young  children  of  darker  races,  e.  g.,  Japanese  and  Chinese,  occasionally  present  a  bluish 
pigmentation  known  as  ^blue  Mongolian  spots'  of  the  skin  over  the  sacral,  coccygeal  and  ischial 
regions.  This  also  occurs  rarely  in  white  children.  The  appearance  is  due  to  the  presence  in 
the  corium  of  spindle-shaped  or  stellate  pigment  cells,  chromatophores,  resembling  tne  pigment 
cells  of  the  choroid  layer  of  the  eyeball.  Similar  cells  are  found  distributed  generally  m  the 
corium  of  monkeys'  skin  and  their  occurrence  in  man  has  been  thought  to  be  of  possible 
phylogenetic  significance. 

Fig.  65. — Finger  Print  (Natural  Sizb)  Showing  Cristjs  And  Sulci. 
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The  elasticity  and  strength  of  the  skin  are  due  to  the  corium,  and  this  layer 
when  tanned  or  cured  gives  leather.  The  skin  is  more  elastic  or  stretchable 
over  certain  regions  than  others  and  this  property  varies  in  different  individuals. 
The  skin  is  more  lightly  attached  to  underlying  parts  in  certain  regions,  and  is 
here  very  movable.  Its  elasticity  is  well  shown  under  these  conditions.  If  an 
arm  be  firmly  grasped  with  the  hand  it  will  be  found  that  the  skin  may  move  up 
and  down  over  the  underlying  muscles  as  if  it  were  a  sleeve.  The  degree  of 
motility  of  the  skin  is  appreciated  in  surgical  operations. 

Fig.  66. — Diagram  Showing  the  Arrangement  op  the  Principal  CRiSTiB  op  the  Thumb.  . 


The  infinite  folds  and  irregularities  on  the  surface  of  the  skin  along  with  its 
loose  under  attachment  and  elastic  nature  render  it  distensible  to  a  considerable 
extent.  Roughly  speaking,  the  skin  of  an  individual  is  suflBiciently  extensive 
to  cover  a  body  of  much  larger  size.  Under  certain  conditions  a  leg,  for  example, 
may  swell  to  double  the  usual  size  but  the  skin  stretches  to  cover  it.  The  skin 
over  such  a  swollen  part  is  smoother  and  more  glistening  than  usual,  since  the 
minute  folds  and  patterns  are  obliterated  or  smoothed  out  by  the  expansion. 
When  increase  in  size  is  gradual  such  as  normally  occurs  during  pregnancy  the 
skin  area  may  be  stretched  to  four  or  five  times  its  previous  extent.  In  these 
cases  the  skm  is  often  injured  and  short  parallel,  slightly  reddish  streaks  occur 
which  after  reduction  in  size  become  the  silvery  white  lines,  or  striae  seen  in  the 
abdominal  skin  of  a  woman  who  has  borne  children. 

The  surface-area  of  the  skin  corresponds  approximately  to  the  surface  of  the  d^^y^and 
naturally  varies  with  the  size  of  the  individual.  It  has  been  variously  estimated  at  from  10,500 
to  18,700  sq.  cm.  for  a  medium-sized  adult  male.    For  the  area  in  children,  see  p.  23. 
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Folds  and  furrows, — The  skin  presents  elevations  and  depressions  due  to  the 
fact  that  it  follows  more  or  less  closely  the  contour  of  the  underlying  structures,  but 
in  addition  to  this  it  possesses  certain  elevations  and  depressions  peculiarly  its 
own.  They  are  found  on  the  skin  in  various  parts  of  the  body.  Some  are  per- 
manent, others  only  temporary.  Large  permanent  folds  which  include  all  the 
layers  of  the  skin  are  seen,  as  the  prepuce  of  the  penis  and  the  pudendal  labia. 
The  most  marked  depression  is  the  umbilical  fovea.  Other  conspicuous  folds  and 
furrows  are  seen  in  the  neighborhood  of  the  hps  and  eyeUds.  Certain  other  less 
permanent  folds  and  furrows  are  produced  by  the  action  of  the  joints,  joint- 
furrows,  and  of  the  mu^les  of  expression  of  the  skin,  'wrinkles.' 

Fig.  67. — From  a  Photograph  op  the  Superpicial  Furrows  on  the  Back  of  the  Hand. 

(XI.) 


Other  minute  folds  and  furrows  which  affect  only  the  epidermis  and  the  superficial  layer 
of  the  corium  are  seen  in  various  places.  These  are  represented  by  the  numerous  fine  super- 
ficial creases,  unassociated  with  elevations,  forming  rhomboidal  and  triangular  figures  over 
almost  the  whole  of  the  surface  of  the  skin  (figs.  65,  66).  They  are  especially  numerous  on 
the  dorsal  surface  of  the  hands  (fig.  67).  The  fine  curvilinear  ridges  [crists  cutis]  with  inter- 
vening furrows  [sulci  cutis]  arranged  in  parallel  lines  in  groups  on  the  flexor  surface  of  the 
hands  and  feet  are  also  of  this  type.  They  form  patterns  characteristic  for  each  individual 
and  permanent  throughout  life. 

Among  the  projections  are  the  larse  permanent  folds  of  skin  such  as  the  labia  pudendi,  the 
preputium  penis,  the  frenula  preputii,  clitoridis,  and  labiorum  pudendi,  and  less  marked  ridges 
as  the  median  raphe  of  the  perineum,  scrotum  and  penis,  and  tne  tubercultun  labii  superioris. 
Of  a  somewhat  different  sort  are  the  touch  pads  [toruli  tactiles]  of  the  hands  and  feet.     Among 

Fig.  68. — From  a  Photograph  op  the  Skin  Ridges  and  Papilus  of  the  Palm  of  the 
Hand.    Epithelium  Completely  Removed  Above;  Partly  Removed  Below.     (X  5.) 
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the  larger  depressions  in  addition  to  the  umbilical  fovea,  is  the  coccygeal  f oveola,  and  a  consider- 
able number  of  well-marked  permanent  furrows  foimd  in  various  places,  such  as  the  nasolabial 
and  mentolabial  sulci,  the  pmltnun  labii  superioris,  the  infraorbital  sulcus,  and  the  infra-  and 
supraorbital  palpebral  sulci.  There  are  numerous  articular  furrows  on  both  the  flexor  and 
extensor  surfaces  produced  by  the  action  of  the  joints,  and  associated  with  intervening  folds 
of  skin,  particularly  on  the  dorsal  surface.  They  are  especially  noticeable  on  the  hands. 
Variations  of  the  palmar  joint-sulci  are  due  to  variations  in  opposition  of  the  thumb  and  the 
use  of  the  fingers  and  the  relative  arrangement  of  the  thumb  and  fingers  and  joints.  They  are 
of  importance  as  indicating  topographically  the  position  of  the  joints,  their  relation  to  which 
has  been  made  clearer  by  means  of  tne  X-ray. 

The  folds  and  furrows  brought  about  through  the  action  of  the  skin  muscles  run  at  right 
angles  to  the  muscle  fibers  and  are  more  or  less  transitory  at  first  but  become  more  permanent 
through  repeated  or  lon^-continued  action.  They  are  represented  by  the  wrinkles  of  the  fore- 
head, the  lines  of  expression  of  the  face,  the  transverse  wrinkles  of  the  scrotum  and  the  radiating 
folds  around  the  anus.     The  more  superficial  crist»  cutis  and  sulci  cutis  ar^  arranged  in  groups 
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within  and  around  the  touch  pads,  on  the  volar  surface  of  the  hands  and  the  plantar  surface 
of  the  feet  (figs.  65,  66).  The  cristse  of  each  group  are  parallel.  They  correspond  to  the  rows 
of  papilke  of  the  corium.  Since  the  patterns  of  the  cristse  and  sulci  are  characteristic  for  the 
inmvidual,  and  permanent  from  youth  to  old  age,  they  have  been  classified  in  a  number  of 
types  and  are  important  as  a  means  of  identification. 

There  are  also  a  great  number  of  minute  depressions  which  mark  the  points  where  the  hairs 
pierce  the  surface  and  where  the  glands  open.  These  are  popularly  known  as  pores.  Under 
the  influence  of  cold  and  emotion  the  hair  muscles  contract  and^ause  a  shght  elevation  of  the 
skin  at  the  point  where  the  hair  emerges.  This  roughened  appearance  of  the  skin  is  generally 
known  as  'goose-flesh. ' 

A  complex  wrinkling  of  the  skin  appears  in  old  age,  or  in  the  course  of  exhausting  diseases, 
as  a  result  of  loss  of  elasticity  and  from  absorption  of  the  cutimeous  and  subcutaneous  fat. 
Rounded  depressions  called  dimples  are  produced  by  the  attachment  of  muscle-fibers  to  the 
deep  surface  of  the  skin,  as  on  the  chin  and  cheek,  and  are  made  more  evident  by  the  contrac- 
tion of  these  fibers.  Others  are  produced  by  the  attachment  of  the  skin  by  fibrous  bands  to 
bony  eminences,  as  the  elbow,  shoulder,  vertebrse,  and  posterior  ihac  spines.  They  are  best, 
seen  when  the  subcutaneous  adipose  tissue  is  well  developed. 


Fig.  69.^-PAPiLLiB  op  thb  Corium  after  Maceration.     From  Retouched  Photograph 
Epithelium  Removed  by  Maceration.     (X  25.) 
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Structure  of  the  corium. — The  superficial  layer  of  the  corium  is  of  fine, 
close  texture,  free  from  fat,  and  forms  a  multitude  of  eminences  called  papillae 
corii  (figs.  68,  69)  which  project  into  corresponding  depressions  on  the  deep  sur- 
face of  the  epidermis.  For  this  reason  this  part  of  the  corium  although  but 
indistinctly  separated  from  the  deeper  layer  is  called  the  corpus  papillare. 

Some  of  the  papillse  contain  vessels,  other  nerves,  hence  they  are  known  as  vascular  or 
tactile  papillse.  They  are  very  closely  set,  varying  considerably  in  number  in  different  parts  of 
the  boay  from  36  to  136  to  a  square  millimeter  and  it  has  been  estimated  that  there  are  about 
150  million  papillse  on  the  whole  surface. 

The  deeper  layer  of  the  corium,  the  tunica  propria  (stratum  reticulare),  is 
composed  of  coarse  loose  bands  of  fibrous  tissue  intermingled  with  small  fat 
lobules.  The  fibrous  and  elastic  tissue  is  arranged  for  the  most  part  in  inter- 
crossing bundles  nearly  parallel  to  the  surface  of  the  skin. 

The  bundles  running  in  some  directions  are  usually  more  strongly  developed  and  more 
numerous  than  those  in  others,  but  the  direction  of  the  stronsly  developed  bundles  varies  in 
different  parts  of  the  body.  In  general  those  are  best  developed  which  have  a  direction  parallel 
with  the  usual  lines  of  tension  of  the  skin,  hence  it  results  that  wounds  of  the  skin  tend  to  gape 
most  at  right  angles  to  these  lines.  The  bundles  take  a  direction  nearly  at  right  angles  to  the 
long  axis  of  the  limbs,  and  on  the  trunk  run  obliquely,  caudally,  and  laterally  from  the  spine 
(figs.  70,  71).  On  the  scalp,  forehead,  chin,  and  epigastrium,  equally  strong  bundles  cross  in 
all  directions,  and  a  round  wound,  instead  of  being  Unear  as  elsewhere,  appears  as  a  ragged  or 
triangular  hole.  The  arrangement  of  the  connective  tissue  bundles  influences  the  arrangement 
of  the  blood-vessels  of  the  skin. 
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The  quantity  of  subcutaneous  fat  varies  considerably  in  different  parts  of  the 
body.  It  is,  for  instance,  entirely  absent  in  the  penis,  scrotum,  and  eyelids. 
When  it  is  abundant,  the  subcutaneous  layer  is  known  as  the  panniculus  adiposus. 

In  some  situations,  as  in  the  caudal  portion  of  the  abdomen  and  in  the  perineum,  the 
connective  tissue  is  so  arranged  that  the  panniculus  may  be  divided  into  layers,  so  tnat  a 
superficial  and  a  deep  layer  of  the  superficial  fascia  may  be  recognized.  The  fat  is  well  de- 
veloped over  the  nates,  volar  surface  of  the  hands  and  plantar  surface  of  the  feet,  where  it 
serves  as  pads  or  cushions;  in  the  scalp  it  appears  as  a  single  uniform  lobulated  layer  between 
the  corium  and  the  aponeurosis  of  the  epicranial  muscle;  and  on  other  parts  of  the  surface  it  is 
somewhat  unequally  distributed  and  shows  a  tendency  to  accumulate  in  apparent  disproportion 
in  some  localities,  as  on  the  abdomen,  oyer  the  symphysis  pubis,  about  the  mammse  m  females, 
etc.  Everywhere  except  on  the  scalp  it  may  undergo  rapid  and  visible  increase  or  decrease 
under  the  influence  of  change  of  nutntion. 

Figs.  70  and  71. — Diagrams  Showing  the  Arrangement  of  the  Connective  Tissue 
Bundles  of  the  Skin  on  the  Anterior  and  Posterior  Surfaces  of  the  Body. 
(After  Langer.) 


Skin-muscles. — In  the  subcutaneous  tela  and  the  corium  muscle  fibers  are 
found  in  larger  or  smaller  groups.  These  are  of  two  kinds,  striated  and  un- 
striated  (smooth)  fibers. 

Subcutaneous  planes  of  stricUed  muscle  are  relatively  scanty  in  man  when  compared  with 
the  great  panniculus  camosus  of  the  lower  mammaHa.  This  is  mainly  represented  bv  the 
platysma  in  the  neck  which  has  both  its  origin  and  part  of  its  insertion  in  tne  skin.  Closely 
associated  with  this  are  the  muscles  of  expression  of  the  face  and  the  palmaris  brevis  muscle 
which  have  one  end  terminating  in  the  deep  surface  of  the  skin.  The  epicranial  muscle  is  also 
considered  by  some  to  belong  to  this  group. 

Smooth  mitscle  fibers  are  scattered  through  the  corium  collected  into  bundles  in  the  neighbor- 
hood of  the  sebaceous  glands  and  the  hairs.  They  are  described  in  connection  with  these 
latter  (p.  68).  In  addition  to  these  muscles  are  found  in  the  scrotum  as  the  dartos^  in  the 
perineum,  around  the  anus,  and  beneath  the  papilla  and  areola  of  the  mammary  gland. 

Bursas  mucosae  subcutanese. — In  some  situations  where  the  integument  is 
exposed  to  repeated  friction  over  subjacent  bones  or  other  hard  structures  its 
movements  are  facilitated  by  the  development  of  sac-like  interspaces  in  the  sub- 
cutaneous tissue,  the  subcutaneous  mucous  bursas.  They  are  similar  to  the  more 
deeply  placed  bursse  which  are  found  in  relation  with  muscle  tendons.  Their 
occurrence  is  quite  variable.  In  some  individuals  they  are  numerous,  in  others 
very  few.  They  have  a  considerable  practical  importance 4rom  the  fact  that 
they  may  become  greatly  swollen. 


OBSERVATIONS    ON    THE    CAPACITY    OF    THE    STOM- 
ACH   IN    THE    FIRST    TEN    DAYS    OF 
POSTNATAL   LIFE 

•  RICHARD    E.    SCAMMON,    Ph.D. 

AND 

LAWRENCE    O.    DOYLE,    B.S.,    M.B. 

MINNEAFOUS 

In  the  transition  from  intrauterine  to  extrauterine  life  few  organs 
of  the  body  are  more  affected  than  the  stomach.  The  change  influ- 
ences many  characters  of  the  organ's  morphology,  and  the  position, 
the  mass,  the  finer  structure,  and  particularly  the  capacity  are  rapidly 
modified  and  adjusted  to  the  new  conditions  and  functions  of  post- 
natal life. 

The  changes  in  gastric  capacity  in  this  period  of  transition  have 
not  been  studied  very  intensively.  As  early  as  1856  Guillot  ^  pub- 
lished some  data  regarding  physiologic  gastric  capacity  in  the  first  few 
days  of  extrauterine  life  and  this  was  followed  somewhat  later  by 
a  more  extensive  study  by  Bouchaud.^  Since  that  time  further  infor- 
mation on  the  subject  has  been  published  by  Hillebrand,"  Kruger,* 
Ssnitkin,'^  Cammerer,®  Tuley,^  Jaschke,^  Landois "  and  others.  The 
figures  presented  in  most  of  these  studies  are  not  extensive,  and  are 
usually  incidental  to  more  general  studies  of  metabolism  in  the  neo- 
natal period.  Much  of  the  early  work  is  no  longer  of  more  than 
historic  value  because  the  observations  were  made  under  conditions 
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which  no  longer  obtain  in  modern  infant  feeding.  Regarding  ana- 
tomic capacity  in  this  period,  we  have  still  less  accurate  information, 
the  only  extensive  series  of  measurements  being  that  of  Alliot^*^  on 
newborn  children. 

It  has  been  pointed  out  recently  that,  during  the  greater  part  of 
the  suckling  period,  there  exists  a  fairly  definite  and  constant  relation 
between  the  anatomic  capacity  of  the  stomach,  as  determined  post- 
mortem, and  the -physiologic  capacity  as  ascertained  by  weighing  the 
child  before  and  after  feeding.^^  And  it  has  been  found  that  the 
capacity  of  the  stomach  increases  at  a  very  definite  rate  in  early  life 
despite  the  numerous  fluctuations  due  to  differences  in  physical  con- 
stitution and  to  varying  physiologic  factors.  It  is  the  purpose  of  the 
present  paper  to  trace  the  changes  which  these  measures  of  gastric 
capacity  undergo  in  the  neonatal  period,  to  ascertain  the  main  factors 
which  influence  them,  and  to  determine,  in  as  far  as  possible,  how 
soon  after  birth  the  relations  and  the  rate  of  growth  in  capacity  which 
are  characteristic  of  the  suckling  period  are  established. 

Through  the  kindness  of  Dr.  J.  P.  Sedgwick,  chief  of  the  depart- 
ment of  pediatrics,  we  have  had  access  to  the  records  of  the 
Pediatric  Section  of  the  Elliot  Memorial  Hospital  of  the  Uni- 
versity of  Minnesota.  From  these  we  have  taken  the  records  of  the 
amount  of  individual  feedings,  as  determined  by  weighing  before  and 
after  nursing,  of  323  children  during  the  first  ten  days  of  life.  In  all  we 
secured  14,571  individual  records  of  physiologic  gastric  capacity  as 
determined  by  this  method.  The  distribution  of  these  records  accord- 
ing to  days  and  to  the  birth  weights  of  the  individuals  observed  is 
shown  in  Table  1.  To  avoid  confusion  we  have  not  included  a  state- 
ment of  the  number  of  cases  in  later  tables  but  this  record  can  be 
ascertained  in  all  cases  by  reference  to  Table  1. 

Our  study  was  limited  to  children  having  a  birth  weight  of  2,000 
gm.  or  over,  and  no  twins  were  included  in  the  group.  Otherwise 
the  cases  wfere  taken  seriatim  from  the  hospital  records.  In  this 
group  there  were  187  males  and  136  females.  The  average  weight 
at  birth  of  the  males  was  3,349  gm.  and  of  the  females  3,254  gm. 
These  figures  are  somewhat  below  the  averages  determined  by  Taylor  ** 
in  his  study  of  the  new-born  of  this  same  clinic,  but  this  discrepancy  is 
probably  due  to  the  fact  that  Taylor,  desiring  to  establish  a  norm 
for  full  term  children,  excluded,  as  far  as  possible,  all  prematures. 
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The  average  weight  of  the  new-born  in  this  same  clinic  as  determined 
by  Ramsey  and  Ally,^'  studying  300  cases,  was  3,391  gm.  for  males 
and  3,276  gm.  for  females. 

The  children  were  breast  fed  five  times  per  day,  but  many  babies 
did  not  secure  their  full  quota  of  feedings  on  the  first  day  as  is 
indicated  by  the  small  totals  both  of  cases  and  feedings  in  column  2 
of  Table  1.  After  the  first  day  the  number  of  missed  feedings  was 
negligible. 

TABLE   1. — Material  Used  in  the   Study  of   Physiologic 
Gastric  Capacity  *  ' 


Number  of  Oases  and  dumber  of  Feedings 

Group  I 

Group  II 

Group  III 

Group  IV 

Group  V 
4.000  Gm. 

Affein 

2,000  to 

2,600  to 

8,000  to 

3.600to 

Days 

2,600  Gm. 

8,000  Gm. 

8,fi00Gm. 

4,000  Om. 

and  Above 

AH  Cases 

Blrtb-Welgbt 

BJrtb-Welght 

Bfrth-Welght 

Blrth-Wegbt 

Birth-Weight 

(Aver.  2.260 

(Avar.  2,840 

(Aver.  8,246 

(Aver.  8,781 

(Aver.  4,148 

(Aver.  8,316 

Gm.) 

Gm.) 

Gm.) 

Gm.) 

Gm.) 

Gm.) 

5 

82 

71 

31 

14 

168 

(10) 

(74) 

(164) 

(68) 

(68) 

(984) 

14 

63 

143 

76 

28 

828 

(65) 

(811) 

(608) 

(870^ 

(185) 

(1.579) 

14 

63 

143 

75 

28 

323 

(70) 

(308) 

(718) 

(871) 

(186) 

(1.608)     . 

14 

68 

148 

76 

28 

823 

(70) 

(818) 

(718) 

(874) 

(189) 

(1.609) 

14 

68 

143 

75 

28 

828 

(60) 

(815) 

(712) 

(873) 

(138) 

(1.607) 

14 

68 

143 

76 

28 

823 

(70) 

(314) 

(714) 

(373) 

(138) 

(1,609) 

14 

63 

143 

75 

28 

323 

(TO) 

(318) 

(fl4) 

(878) 

(138) 

(1,608) 

8 

14 

68 

142 

74 

28 

821 

(70) 

(815) 

(710) 

(370) 

(140) 

(1,606) 

9 

14 

68 

141 

74 

28 

820 

(TO) 

(814) 

(700) 

(888) 

(138) 

(1,590) 

10 

14 

69 

135 

71 

28 

307 

(62) 

(279) 

(614) 

(381) 

(116) 

(1,402) 

Total  No. 

PeedlDffs 

(626) 

(2366) 

(6.442) 

(3,866) 

(1.281) 

(14.571) 

•  The  upper  figures  represent  the  number  of  cases;   the  lower   figures,   in   parentheses, 
Indicate  tbe  number  of  feedings. 

From  these  data  was  determined  the  average  physiologic  capacity, 
the  average  maximum  physiologic  capacity,  the  average  capacity  in 
per  cent,  of  the  body  weight  at  birth,  the  average  maximum  capacity 
in  per  cent,  of  the  body  weight  at  birth,  the  average  and  average 
maximum  capacity  in  first  born  and  later  children,  the  excess  of  the 
average  maximum  capacity  over  the  average  capacity,  and  the  per- 
centage increment  of  the  average  capacity  and  the  average  maximum 
capacity.  These  determinations  were  made  for  each  day  of  the  period 
under  consideration,  first  for  the  entire  series  of  cases  and  later  for  the 
same  cases  grouped  into  five  classes  according  to  birth  weight. 
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The  average  deviation  and  the  average  percentage  deviation  was 
determined  for  the  average  capacity  in  the  group  of  cases  having  a 
birth  weight  ranging  from  3,000  to  3,500  gm.  The  average  and  aver- 
age maximum  capacity  in  males  and  in  females  was  also  determined 
in  this  group. 

Average  physiologic  capacity, — The  average  physiologic  capacity, 
for  all  children  having  a  birth  weight  of  2,000  gm.  or  over  is  shown  in 
the  seventh  column  of  Table  2  and  the  curve  labeled  "B"  in  Figure  1 
illustrates  it  graphically.  The  average  physiologic  capacity  of  such 
children  as  received  feedings  on  the  first  day  was  7  gm.  This  was 
almost  doubled  on  the  second  day  (13  gm.)  and  almost  quadrupled 
on  the  third  day  (27  gm).  On  the  fourth  day  the  average  capacity 
was  a  little  more  than  six  times  that  of  the  first  day  (46  gm.).  After 
the  fourth  day  the  increase  in  average  capacity  was  much  less  rapid, 
although  it  was  still  continued,  and  on  the  tenth  day  it  was  81  gm., 
or  about  eleven  and  one-half  times  that  of  the  first  day.  As  these 
figures  indicate,  a  curve  of  the  average  capacity  in  the  first  ten  days 
(Curve  B,  Figure  1)  shows  two  distinct  segments.  During  the  period 
from  birth  to  the  fifth  day  it  rises  rapidly,  thereafter  it  is  continued 
upward  at  a  much  less  rapid  rate. 


TABLE  2.— Average  Capactty  of  the  Stomach 

IN  THE  First  Ten 

Days  of  Postnatal  Life 

Aver&ffe  Pbyslologle  Ospsdty  (Gm.) 

Days 

Oases  Haying  a  Blrth-Wefght  of 

AnOasM 

of 
2.000  Gm. 
or  Hon 

2.000  to 
2.500  Gm. 

2,600  to       1       8,000  to       1       8,600  to 
8,000  Gm.     1     8,600  Gm.     !     4.000  Gm. 

4.000  Gm. 
or  More 

10 

6 
10 
22 
88 
48 
48 
48 
61 
» 
60 

6          ;             0                       8 
18                       18                       14 

27                        27                        27 
42           1             46                        61 
66          !            67                     m 
60                       64                       72 

60           !             67                       76 
66                       n                       78 

68           ;             76                       88 
72           1             70                       90 

6 
11 
2S 
46 
60 
70 
70 
80 
87 
06 

7 
18 
27 
40 

m 

64 

68 

n 

98 
81 

Average  maximum  physiologic  capacity. — In  this  sfudy  the  average 
maximum  physiologic  capacity  has  been  determined  by  adding  the 
sums  of  the  largest  meal  ingested  by  each  child  of  the  series  on  a 
given  day  and  dividing  the  result  by  the  number  of  cases.  This  is 
a  somewhat  different  measurement  from  that  employed  by  Peer  **  and 
by  Scammon,*^  who  used  the  jnaximum  meal  of  a  given  week  as  a 
basis  for  determining  the  average  maximum.  The  value  as  determined 
by  the  above  definition  is  shown  in  Table  3  and  is  represented 
graphically  by  curve  "A"  in  Figure  L 


14.  Peer,  £.:   Beobachtungen  iiber  die  Nahningsmengen  von  Bnistkindern, 
Jahrb.  f.  Kindcrh.  42:195,  1896.  -  j 
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Examining  these  figures  and  the  graph  it  is  seen  that  there  is  a 
close  relationship  between  average  and  average  maximum  capacity. 
The  average  maximum  capacity  on  the  first  day  is  9  gm.  This  is 
more  than  doubled  on  the  second  day  (22  gm.)  iand  increases  nearly 
fivefold  on  the  third  day  (43  gm.).  On  the  fourth  day  it  is  a  little 
more  than  seven  times  as  great  as  on  the  first  day.  Thereafter,  as  in 
the  case  of  the  average  capacity,  the  gain  is  much  slower  and  on  the 
tenth  day  it  is  eleven  and  two-thirds  times  that  of  the  first  day,  or 
105  gm. 
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Fig.  1. — ^A  graph  showing  the  physiologic  capacity  of  the  stomach  in  the 
first  ten  days  of  postnatal  life.  A,  curve  of  average  maximum  physiologic 
capacity;  B,  curve  of  average  physiologic  capacity.  Based  on  all  cases  having 
a  birth  weight  of  2,000  gm.  or  more. 


The  curve  illustrating  the  changes  in  average  maximum  capacity 
(Curve  A,  Figure  1)  is  almost  a  duplicate  of  that  of  the  average 
capacity,  although  all  of  the  values  are  somewhat  greater.  It  shows 
the  same  two  phases  as  does  the  curve  of  average  capacity. 

Relative  average  and  average  maximum  physiologic  capacity. — 
Some  interesting  results  are  obtained  if  the  average  physiologic 
capacity  and  the  average  maximum  capacity  are  calculated  in  terms 
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TABLE  3. — ^Average  Maximum   Physiologic  Capacity  of  the  Stomach 
IN  the  Ten   Days  of  Postnatal  Life 


Average  Maximum  Physiologic  Oapadty  (Gm.) 

Pays 

Oases  Having  a  Blrth-Welgbt  of 

AU  Gases 

of 
2.000  Gm. 

2.000  to 

2,500  to 

8.000  to 

8.500  to 

4.000  Gm. 

2.500  Gm. 

8.000  Gm. 

8.500  Gm. 

4,000  Gm. 

or  More 

or  More 

7 

9 

9           '            10 

6 

9 

18 

22 

28                       24 

10 

22 

85 

41 

48           '             45           1             44 

43 

68 

60 

66           ,             71           I             66 

65 

58 

70 

78           '             85                        86 

78 

68 

78 

89                        94                        88 

86 

64 

82 

91                        96                      100 

90 

66 

86 

94                      106                      100 

94 

81 

87 

90                      107           ,           114 

99 

10 

84 

92 

104           ,           115                      122 

106 

TABLE  4. — ^Average  Physiologic  CAPAaTY  of  the  Stomach  .  in  the 

Ten  Days  of  Postnatal  Life,   Calculated  in   Per  Cent. 

of  the  Body  Weight  at  Birth 


Average  Physiologic  Capacity  in  Per  Cent,  of  the  Body-Weight  at  Birth 

Days 

Cases  Having  a  Birth- Weight  of 

AU  Oases 

of 
2.O0OGm. 

2.000  to 

2.500  to 

8.000  to              8.500to 

4.000  Gm. 

2.500  Gm. 
0.28 

3.000  Gm. 

3,600  Gm. 

4,000  Gm. 

or  More 

or  More 

1 

0.28 

0.22 

0.28 

0.18 

0.21 

2 

0.44 

0.46 

0.89 

0.88 

0.26                   0.39 

0.97 

0.94 

0.88                     0.74 

0.68                     0.81 

1.61 

1.47          *           1.40          '           1.88 

1.11                     1.88 

1.92 

1.87                     1.76                     1.66 

1.48          1           1.72 

1.90 

2.08                     1.97          '           1.98 

1.69                     1.96 

2.12 

2.12                     2.07          1           2.06 

1.91 

•  2.06 

8 

2.26 

2.88                     2.18          1           2,09 

1.96 

2.16 

9 

2.45 

2.40 

2.81                     2.28 

2.10 

2.28 

10 

2.66 

2.52 

2.42      .     1           2.42 

1 

2.88 

2.43 

TABLE  5.— Average  Maximum    Physiologic  Capaoty  of  the  Stomach 

IN  the  First  Ten  Days  of  Postnatal  Life,  Calculated 

IN   Percentages  of  the  Body  Weight  at  Birth 


Per  Cent,  of  Body-Weight 

Days 

Cases  Having  a  Birth-Weight  of 

AU  Cases 

of 
2.000  Gm. 

2,000  to 

2.500  to       ;       8.000  to 

3,500  to 

4,000  Gm. 

2.600  Gm. 

8,000  Gm.     1     8.500  Gm. 

4,000  Gm. 

or  More 

or  Mote 

1 

0.20 

0.82          1           0.27 

0.28 

0.14 

0.27 

2 

0.80 

0.79          ,           0.70 

0.64 

0.47 

0.08 

8 

1.54 

1.46          1           1.81 

1.22 

1.06 

1.29 

4 

2.85 

2.18          '           2.00 

1.02 

1.67 

l.Ofi 

5 

2.57 

2.46          1           2.40 

2,28 

2.06 

2.85 

6 

2.80 

2.75                     2.66 

2.58 

2.14 

2.S« 

7 

2.84 

2.89          1           2.79 

2.68 

2.42 

2.78 

8 

2.87 

8.06                     2.90 

2.80 

2.42 

2JS5 

9 

8.59 

3.08                     8.06 

2.87 

2.76 

2.90 

10 

8.71 

3.25          1           8.22 

8.06 

2.96 

8.17 
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of  the  body  weight  at  birth.  These  figures  are  shown  in  Tables  4 
and  5  and  the  curves  shown  in  Figure  2  are  their  graphic  expression. 
The  average  gastric  capacity  in  the  first  day  is  equal  to  about  one- 
fifth  of  one  per  cent,  of  the  body  weight.  By  the  second  day  this 
has  risen  to  about  0.8  per  cent,  and  on  the  fourth  day  to  nearly  1.4 
per  cent,  of  the  birth  weight.  After  the  fourth  day  the  relative 
gastric  capacity,  like  the  actual  average  capacity,  increases  more  slowly. 
By  the  tenth  day  the  average  capacity  is  equal  to  about'2.4  per  cent. 
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Fig.  2. — ^A-^  graph  showing  the  physiologic  capacity  oi  the  stomach  in  the 
first  ten  days  of  postnatal  life,  as  determined  in  per  cent,  of  the  body  weight 
at  birth.  A,  relative  average  maximum  physiologic  capacity;  B,  relative 
average  physiologic  capacity.  Based  on  all  cases  having  a  birth  weight  of 
2,000  gm.  or  more. 


of  the  body  weight  at  birth  or  about  twelve  times  more  than  the 
average  capacity  on  the  first  day. 

The  changes  in  the  relative  average  maximum  capacity  are  very 
similar  to  those  in  the  relative  average  capacity.  Starting  at  0.27 
per  cent,  on  the  first  day,  the  relative  average  maximum  rises  rapidly 
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to  nearly  2  per  cent,  by  the  fourth  day.  Thereafter  the  amount 
increases  much  more  slowly  up  to  the  tenth  day,  when  it  stands  at 
nearly  3.2  per  cent. 

The  curves  based  on  these  figures  are  much  alike  and  are  quite 
similar  to  those  of  the  average  and  the  average  maximum  capacity. 
They  show  the  same  characteristics  of  the  rapid  initial  rise  until  the 
fourth  day  and  the  slower  elevation  from  that  point  to  the  end  of 
the  period  of  observation  (Fig.  2). 

Relation  between  body  weight  and  physiologic  capacity. — ^The 
results  which  have  been  presented  are  based  upon  the  study  of  the 
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Fig.  3. — Average  physiologic  gastric  capacity  in  the  first  ten  days  of  post- 
natal life,  in  groups  of  children  arranged  according  to  birth  weight.  Curve  I, 
average  capacity  of  children  with  a  birth  weight  of  from  2,000  to  2,500  gm. 
Curve  II,  average  capacity  of  children  with  a  birth  weight  of  from  2,500  to 
3,000  gm.  Curve  III,  average  capacity  of  children  with  a  birth  weight  of  from 
3^000  to  3,500  gm.  Curve  IV,  average  capacity  of  children  with  a  birth  weight  of 
from  3,500  to  4,000  gm.  Curve  V,  average  capacity  of  children  with  a  birth 
weight  of  4,000  gm.  or  more. 

entire  series  of  cases  having  a  body  weight  of  2,000  gm.  or  over. 
The  same  data  were  studied  further  by  arranging  the  cases  into  groups 
according  to  body  weight  at  birth.  Five  of  these  groups  were  estab- 
lished: Group  I,  from  2,000  to  2,500  gm.;  Group  II,  from  2,5CX)  to 
3,000  gm. ;  Group  III,  from  3,000  to  3.500  gm. ;  Group  IV,  from  3,500 
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to  4,000  gm.  and  group  V,  4,000  gm.  and  over.  The  results  obtained 
by  this  procedure  are  shown  in  Tables  2,  3,  4  and  5,  and  by  the 
curves  shown  in  Figures  3,  4,  5  and  6. 

The  absolute  average  gastric  capacity  evidently  increases  with  the 
body  weight  in  Groups  I,  II,  III  and  IV  (children  weighing  between 
2,000  and  4,000  gm.).    As  will  be  seen  in  Table  2  and  in  Figure  3, 
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Fig.  4. — ^Average  maximum  physiologic  gastric  capacity  in  the  first  ten  days 
of  postnatal  life,  in  groups  of  children  arranged  according  to  birth  weight. 
Curve  I,  children  having  a  birth  weight  of  from  2,000  to  2,500  gm.  Curve  II, 
children  having  a  birth  weight  of  from  2,500  to  3flOO  gm.  Curve  III,  children 
having  a  birth  weight  of  from  3,000  to  3,500  gm.  Curve  IV,  children  having  a 
birth  weight  of  from  3,500  to  4,000  gm.  Curve  V,  children  having  a  birth  weight 
of  from  4,000  gm.  or  more. 

there  is  a  slight  difference  in  favor  of  the  groups  of  heavier  children 
even  on  the  first  day  and  this  becomes  more  noticeable  in  the  latter  part 
of  the  period.  Group  V  (children  having"  a  birth  weight  of  4,000 
gm.   or  over)    shows   a   somewhat  different   condition.     During  the 
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first  three  days  of  postnatal  life  the  average  capacity  in  these  infants 
is  slightly  below  that  of  the  other  groups  of  children  and  is  only  a 
little  more  than  that  of  Group  I  (weighing  from  2,000' to  2,500  gm.). 
However,  the  capacity  of  the  heaviest  group  rises  rapidly  on  the  fourth 
and  fifth  days  and  on  the  sixth  day  and  thereafter  it  exceeds  that 
of  any  of  the  other  groups. 

The  absolute  average  maximum  capacity  shows  relations  similar 
to  those  just  described.  It  rises  with  the  birth  weight  in  all  groups 
under  4,000  gm.,.but  Group  V  (of  4,000  gm.  and  over)  shows  the 
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Fig.  5. — ^A  graph  illustrating  the  relative  average  physiologic  gastric  capacity 
in  the  first  ten  days  of  postnatal  life  in  groups  of  children  arranged  according 
to  birth  weight.  Curve  I,  children  having  a  birth  weight  of  from  2,000  to  2,500 
gm.  Curve  II,  children  having  a  birth  weight  of  from  2,500  to  3,000.  Curve 
III,  children  having  a  birth  weight  of  from  3,000  to  3,500  gm.  Curve  IV,  chil- 
dren having  a  birth  weight  of  from  3,500  to  4,000  gm.  Curve  V,  children  having 
a  birth  weight  of  4,000  gm.  or  over. 

lowest  average  maximum  capacity  on  the  first  day.  It  is  not  until 
the  ninth  day  that  this  value  is  greater  in  the  heaviest  than  in  the 
lighter  groups  of  children. 

The  figures  on  the  relative  physiologic  capacity,  i.  e.,  the  capacity 
as  calculated  in  per  cent,  of  the  birth  weight,  show  relations  which  are 
quite  different  from  those  of  absolute  physiologic  capacity. 


Digitized  by  VjOOQ IC 


11 

On  the  first  day  the  relative  average  capacity  is  approximately 
the  same  in  all  groups  of  children  having  a  birth  weight  under  4,000 
gm.  Thereafter,  with  one  minor  exception,  the  relative  capacity  is 
always  greater  in  the  lighter  than  the  heavier  groups.  This  difference, 
although  not  very  great,  is  practically  always  present.     The  children 
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Fig.  6. — ^A  graph  illustrating  the  relative  average  maximum  physiologic  gas- 
tric capacity  in  the  first  ten  days  of  postnatal  li||  in  groups  of  children  arranged 
according  to  birth  weight.  Curve  I,  children  naving  a  birth  weight  of  from 
2,000  to  2,500  gm.  Curve  II,  children  having  a  birth  weight  of  from  2,500  to  3,000 
gm.  Curve  III,  children  having  a  birth  weight  of  frpm  3,000  to  3,500  gm.  Curve 
IV,  children  having  a  birth  weight  of  from  3,500  to  4,000  gm.  Curve  V,  children 
having  a  birth  weight  of  4,000  gm.  or  over. 

of  Group  V  (of  4,000  gm.  and  over)  have  a  relative  capacity  only  a 
little  over  one-half  as  great  as  that  of  the  lighter  groups  and  the 
average  value  always  remains  far  below  that  of  the  other  groups 
during  the  period  of  observation  (Fig.  5). 
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The  history  of  the  relative  maximum  capacity  is  similar  to  that 
of  the  .relative  average  capacity.  The  general  rule  that  the  smaller 
the  birth  weight  of  the  group  the  larger  the  relative  capacity  holds 
true  throughout  except  for  the  first  day,  when  the  relative  maximum 
capacity  is  about  the  same  in  all  groups  of  children  under  4,000  gm. 
in  weight,  and  for  the  eighth  day,  when  this  value  in 'Group  I  (from 
2,000  to  2,500  gm.  in  weight)  falls  below  that  of  Group  II  (from 
2,500  to  3,000  gm.  in  birth  weight). 

It  may,  therefore,  be  concluded  that  while  the  heavier  children 
of  this  series  tend  to  have  a  larger  absolute  physiologic  capacity  than 
do  the  lighter  ones,  this  capacity  does  not  increase  directly  in  pro- 
portion with  body  size. 

TABLE  6.— Differences  in  the  Average  Physiologic  Gastric  Capaci- 
ties   OF    FiRST-BORN    AND    LaTER    CHILDREN* 


Differences  In  Capacities  (Gm.] 

Days 

Cases  Having  a  Blrtb-Weigbt  of 

An  Cases 

of 
2.000  Gm. 
orMon 

8,000  to 
2,600  Gm. 

2,600  to       1       8.000  to              8,600  to 
8.000  Gm.     ;     8,600  Gm.     ,     4.000  Gm. 

4.000  Gm. 
or  More 

10 

+1 
0 
0 

-2 

+7 
+6 
+8 
-2 
-18 

—1+1               +e 

+6           .           -8           1           +4 
+9                     _6           1           +4 
+6                      +1                    +12 
+8                      —4                       +8 
—1                     —10                      —2 
-4           ,          -18                       +2 
-«          1          -8                     +8 
-8-6+2 
+4,-8                         0 

+16 
+28 

+s 

+17 
+20 
+19 
+84 
+18 

0 

+2 
+8 
+6 
—1 
—1 
0 
0 
+8 
+8 

*  Figures  preceded  by  a  minus  sign  ijidicate  a  greater  average  capacity  In  first  bora 
children.  Figures  preceded  by  a  plus  mark  indicate  a  greater  average  capacity  in  later 
ebildren. 

Physiologic  capacity  in  first-bom  and  later  children. — The  average 
and  the  relative  average  physiologic  capacity  were  calculated  sepa- 
rately for  first-born  and  for  later  children.  This  was  done  first  for 
the  entire  series  of  cases  and  then  for  the  several  groups  arranged 
according  to  birth  weight.  The  differences  between  the  first  born  and 
later  children  were  then  determined  from  these  figures  and  are  shown 
in  Table  6.  The  figures  in  this  table  which  are  preceded  by  a  plus 
sign  indicate  an  excess  incapacity  of  the  later  children  over  the 
first  born,  and  those  preceded  by  a  minus,  an  excess  in  capacity  of 
the  first  born  over  the  later  born.  If  Groups  I  to  IV,  inclusive,  of 
this  table  are  examined,  it  will  be  seen  that  there  are  no  consistent 
differences  in  these  values  in  the  two  classes  of  children.  However, 
in  Group  V,  having  a  birth  weight  of  4,000  gm.  or  over,  the  capacities 
of  later  children  are  consistently  and  considerably  greater  than  those 
of  first  born  infants.  As  the  relative  average  capacities  showed  prac- 
tically identical  results  they  will  not  be  considered  here  in  detail. 
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Physiologic  capacity  in  males  and  females, — The  average  and  the 
average  maximum  capacities  were  determined  separately  for  males  and 
for  females  in  Group  III  (children  having  a  birth  weight  of  from 
3,000  to  3,500  gm.).  No  consistent  sex  difference  in  capacity,  as 
determined  by  either  of  these  measures,  was  observed. 

Variability  in  average  physiologic  capacity  in  the  neonatal  period, — 
It  is,  of  course,  well  known  that  the  variation  in  the  founts  ingested 
at  single  meals  by  young  infants  is  very  great,  but  apparently  no 
attempt  has  been  made  to  measure  it.  In  order  to  secure  some  meas- 
ure of  this  value  we  determined  the  range  of  variation  and  the  average 
deviation  and  the  percentage  deviation  in  the  feeding  records  of  the 
group  of  children  having  a  birth  weight  ranging  from  3,000  to  3,500 
gm.  (Group  III).  . 

The  range  of  variation  is  easily  secured  by  determining  the  maxi- 
mum and  minimum  meal  of  the  entire  series  of  feeding  records  for  each 
day  of  the  period  of  observation.  This  determination,  while  of  interest, 
tells  us  little  of  the  actual  amount  of  variation  in  our  material,  which 
is  much  better  indicated  by  the  average  deviation  and  the  percentage 
deviation.  The  average  deviation  is  calculated  by  first  determining 
the  amount  that  each  observation  differs  from  the  average  of  the 
whole  series.  These  amounts  are  then  added  (plus  and  minus  signs 
being  disregarded)  and  the  sum  is  divided  by  the  total  number  of 
cases.  The  result  expresses  the  average  deviation  (in  this  case  in 
grams).  This  value  can  be  readily  converted  into  a  per  cent,  of  the 
average  capacity  by  dividing  by  the  average  of  all  cases  and  multiplying 
by  100. 


TABLE  7.— Vajriabiuty.  IN 

Average  Physiologic  Gastric  CAPAaxY  in 

IN  THE  First  Ten  Days  of  Postnatal  Life* 

1 
Number  of   ,      Avorage 

Minimum 

Maximum 

Average 

Percent. 

Days 

Obaerya-     ,    Capacity, 

Feeding, 

Feeding, 

Deviation, 

Devia- 

tiona 

Gm. 

Gm. 

Gm. 

Gm. 

tion 

1 

154 

6 

8 

60 

8.6 

60.0 

2 

696 

18 

80 

6.8 

62.3 

3 

718 

27 

110 

15.2 

66.8 

4 

718 

45 

180 

17.9 

89.8 

5 

712 

57 

140 

19.2 

84.7 

6 

714 

64 

166 

19.8 

80.1 

7 

714           1             67 

10 

145 

20.6 

80.7 

'      8 

710           '             71 

10 

160 

21.8 

80.0 

9 

700           1             75 

5 

148 

20.5 

27.8 

10 

614           '            79 

10 

210 

20.6 

26.0 

*  Based  upon  tlie  feeding  records  of  cliildren  with  a  birtli-weigbt  ranging  from  8.000  to 
8,500  grams. 

The  results  of  these  calculations  are  shown  in  Table  7  and  are,  in 
part,  graphically  expressed  in  Figure  7.  The  minimum  meal  during 
the  first  ten  days  ranges  from  2  to  10  gm.  and  shows  no  particular 
regularity.    The  maximum  meal  was  60  gm.  on  the  first  day  and  rises 
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fairly  steadily  to  160  gm.  on  the  sixth  day.  Thereafter  it  is  quite 
irregular.  The  average  deviation  rises  rapidly  in  the  first  three  or 
four  days,  but  after  the  fourth  day  it  stands  between  192  and  21.3 
gm.,  which  is  surprisingly'  constant  considering  the  nature  of  the 
material.  The  percentage  deviation  in  the  first  three  days  of  post- 
natal life  forms  over  one-half  of  the  average  capacity.  It  then 
decreases,  at  first  rapidly  and  later  quite  slowly,  during  the  remainder 
of  the  period.     In  round  numbers  the  percentage  variability  in  the 
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Fig.  7. — A  graph  illustrating  the  changes  in  variability  in  average  physiologic 
gastric  capacity  in  the  first  ten  days  of  postnatal  life.  Curve  A  (in  solid  line), 
average  deviation  in  average  physiologic  capacity.  Curve  B  (in  broken  line), 
percentage  deviation  in  average  physiologic  capacity.  Based  on  the  feeding 
records  of  a  group  of  143  children  having  a  birth  Weight  ranging  from  3,000 
to  3,500  gm. 

first  third  of  the  period  of  observation  is  twice  as  great  as  in  the 
last  third. 

This  variability  seems  to  have  no  close  relation  to  the  feeding 
schedule  of  the  children.  The  maximum  meal  of  the  day  may  occur 
at  any  of  the  five  feeding  periods.     In  the  first  four  days  it  is  less 
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frequently  the  first  meal  in  the  morning,  while  in  the  last  six  days 
the  last  meal  in  the  evening  is  less  often  the  largest  one  of  the 
day.  However,  the  differences  in  distribution  of  the  maximum  meal 
among  the  several  feeding  periods  in  the  entire  group  of  cases  are 
so  slight  that  no  definite  conclusion  can  be  drawn  from  them. 

In  our  entire  series  of  cases  there  were  forty-six  instances  in 
which  a  meal  was  missed.  In  eighteen  cases  the  succeeding  meal  was 
smaller  than  the  average;  in  twenty-two  cases  it  was  larger  than  the 
average,  and  in  six  cases  it  was  the  same  as  the  average  meal.  The 
small  amount  of  data  which  we  have  on  this  subject  does  not  indicate 
that  loss  of  a  meal  is  compensated  for  by  a  larger  succeeding  one,  in 
the  first  few  days  of  postnatal  life. 

Percentage  increment  in  physiologic  capCLcity  in  the  neonatal  period. 
— The  measures  of  growth  in  gastric  capacity  which  have  been  des- 
cribed in  the  preceding  sections  of  this  paper  are  mainly  in  the  form 
of  absolute  quantities.  A  much  more  striking  exposition  of  the 
changes  is  given  by  the  daily  percentage  increment.  This  value  is 
calculated  by  determining  the  gain  in  capacity  for  each  day  in  per  cent, 
of  the  cafpacity  of  the  day  preceding.  The  results  of  these  calculations 
are  shown  in  graphic  form  in  curves  B  and  C  in  Figure  8.  The 
increment  in  average  physiologic  capacity  is  over  80  per  cent,  on  the 
second  day  and  over  100  per  cent,  on  the  third  day.  Thereafter,  it 
falls  rapidly  to  about  20  per  cent,  on  the  fourth  day  and  to  less  than 
10  per  cent,  for  the  last  third  of  the  period  of  observation.  The 
percentage  increment  in  maximum  physiologic  capacity  follows  much 
the  same  history  although  it  is  greater  at  the  beginning  of  the  period 
(Curve  B,  Fig.  8). 

Relation  of  average  physiologic  capacity  to  average  maximum 
physiologic  capacity  in  the  neonatal  period, — In  a  recent  paper  one 
of  us  pointed  out  that  the  average  maximum  physiologic  capacity, 
from  the  third  week  after  birth  until  the  seventh  month,  is  about  one- 
half  greater  than  the  average  physiologic  capacity.  The  relation  of 
these  two  values  in  the  period  of  the  new-born  shows  several  striking 
changes.  On  the  second  day  the  average  maximum  capacity  is  about 
25  per  cent,  greater  than  the  average  capacity.  On  the  second  day 
it  is  70  per  cent,  greater.  It  then  drops  until  the  fifth  or  sixth  day 
to  about  one-third  more  than  the  average  capacity  (Curve  A,  Fig.  8.). 

The  anatomic  capacity  of  the  stomach  in  the  new-born  and  tM 
neonatal  period, — The  anatomic  capacity  of  the  stomach  in  the  new- 
born, as  determined  by  a  number  of  observers  using  a  variety  of 
methods,  falls  between  25  and  35  c.c.  Most  of  the  published  work  on 
anatomic  capacity  at  birth  does  not  include  records  of  the  individual 
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cases  and  therefore  is  not  very  satisfactory.  The  most  complete  pub- 
lished data  on  this  subject  are  those  of  Alliot,^®  and  to  these  we  have 
been  able  to  add  a  small  number  of  personal  observations.  The  com- 
bined data  available  to  us  are  shown  in  Table  8.  The  average  anatomic 
capacity  in  a  series  of  25  new-born  children  ranging  in  birth  weight 
from  2,000  to  4,300  gm.  was  33  cc.  In  thirteen  premature  children 
having  a  birth  weight  ranging  from  1,200  to  2,000  gm.  the  average 


6th     7th     8th     dth  lOlhdvi 


Fig.  8. — Curve  A,  percentage  which  the  average  maximum  physiologic 
capacity  forms  of  the  average  physiologic  capacity  in  the  first  ten  days  of  post- 
natal life.  Based  on  all  cases  of  2,000  gm.  and  over.  Curve  B,  percentage 
increment  in  the  average  physiologic  gastric  capacity  in  the  first  ten  days  of 
postnatal  life.  Based  on  all  cases  of  2,000  gm.  and  over.  Curve  C,  percentage 
increment  in  the  average  maximum  physiologic  gastric  capacity  in  the  first  ten 
days  of  postnatal  life.    Based  on  all  cases  of  2,000  gm.  and  over. 


capacity  was  22  cc.  In  new-born  children  having  a  body  weight 
between  2,000  and  3,000  gm.  the  average  capacity  was  30  cc. ;  and  in 
those  between  3,000  and  4,000  gm.  body  weight,  35  cc  Three  very 
large  infants,  having-  a  body  weight  of  4,000  gm.  or  more,  had  an 
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average  capacity  of  38  c.c.  Thus  the  anatomic  capacity  at  birth 
appears  to  increase  somewhat  with  the  body  weight  as  does  the  physio- 
logic capacity  of  the  neonatal  period. 

The  relative  anatomic  capacity,  i.  e.,  the  capacity  of  the  stomach 
calculated  in  per  cent,  of  the  body  weight  (c.c.  considered  equivalent 
to  gm.),  was,  for  this  same  series  of  cases,  1.3  per  cent,  in  infants 
having  a  body  weight  below  2,500  gm„  1.1  per  cent,  in  children  weigh- 
ing between  2,500  and  3,500  gm.,  and  0.9  per  cent,  in  children 
weighing  3,500  gm.  or  more.  Thus  the  relative  anatomic  capacity  of 
the  stomach  decreases  as  the  body  weight  increases,  as  does  the  relative 
physiologic  capacity  in  the  neonatal  period. 

TABLE  8.-— Average  Anatomic  Capacity  of  the  Stomach   in  the  . 
New-Born  as  Determined  by   Zucarrelli's   Method 


fiance  of  Bod7- Weight,  Gm. 

Average 

Bod7-Weigbt, 

Om. 

Namber               Average  Ana-  ' 
of                tom!e  Capacity, 
Cases                        O.C. 

1,600  to  2,000 

1,710 
2,140 
2,740 

18 

22 

2,000  to  2,fi00, 

80 

2,600  to  8,000 

80 

8,000  to  8,600 

8,210 
8,710 
4,840 
8.140 

85 

8,600  to  4,000 

85 

4,000  or  more. 

8                1                88 

2,000  or  more 

25                1                88 

Detailed  observations  on  the  anatomic  capacity  of  the  stomach  in 
the  period  between  birth  and  the  end  of  the  second  postnatal  week 
are  not  very  numerous.  The  average  anatomic  capacity  of  the  first 
week,  as  indicated  by  the  data  of  Fleishmann,^*^  Froloffski,^^  Stossl,^^ 
Zuccarelli  ^*  and  Rotch/®  is  approximately  45  c.c.  or  nearly  one-third 
more  than  the  capacity  at  birth.  In  the  second  week  the  data  collected 
by  these  same  observers  and  by  Holt,'®  d' Astros,*^  Politzer,**  Muggia  " 
and  others,  indicate  that  the  anatomic  capacity  is  about  75  c.c.  These 
figures  are  based  on  determinations  by  a  variety  of  methods,  although 
the  majority  of  observations  were  made  with  Zuccharelli's  method. 
The  curve  of  growth  in  anatomic  capacity  in  the  neonatal  period  is 
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shown  in  semidiagrammatic  form  in  Figure  9.  As  will  be  seen  from 
this  figure,  the  anatomic  capacity  of  the  stomach  appears  to  increase 
at  a  uniform  rate  throughout  the  period  and  there  are  no  indications 
of  two  distinct  phases  of  growth  comparable  with  those  seen  in  all 
of  the  graphs  of  physiologic  capacity. 

Although  the  growth  of  the  anatomic  capacity  of  the  stomach  in 
the  neonatal  period  appears  to  be  quite  slow  if  compared  with  the 
growth  in  physiologic  capacity,  it  is  very  rapid  compared  with  the 
growth  in  fetal  life.  In  the  first  week  after  birth  the  anatomic 
capacity  increases  more  than  it  does  in  the  entire  last  third  of  fetal 
life,  and  the  absolute  increase  in  the  first  two  weeks  of  postnatal  life 
is  considerably  greater  than  the  entire  prenatal  growth. 


lOlhday 


Fig.  9. — Semidiagrammatic  curves  illustrating  the  relation  between  the  aver- 
age physiologic  capacity  and  the  average  anatomic  capacity  of  the  stomach  in 
the  first  ten  days  of  postnatal  life. 


DISCUSSION 

The  discussion  of  our  data  will  be  limited  to  a  comparison  of 
anatomic  and  physiologic  capacity  in  the  neonatal  period  and  to  a 
consideration  of  certain  peculiarities  of  physiologic  capacity  during 
this  time. 

It  has  been  pointed  out  by  one  of  us  (Scammon^^)  that  during 
the  greater  part  of  the  suckling  period  there  is  a  close  correlation 
between  the  anatomic  capacity  of  the  stomach,  as  determined  post- 
mortem, and  the  average  physiologic  capacity,  as  determined  by  weigh- 
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ing  before  and  after  feeding.  The  physiologic  capacity,  as  determined 
by  this  method,  was  found  to  be  approximately  equal  to  the  anatomic 
capacity  of  the  organ  under  a  pressure  of  between  15  and  20  centi- 
meters of  water.  It  was  also  noted  that  practically  all  of  the  tech- 
nics used  in  determining  anatomic  capacity  distend  the  viscus  to 
about  the  same  extent  as  does  a  pressure  of  15  centimeters  of  water. 

The  relation  between  anatomic  and  physiologic  capacity  in  the 
neonatal  period  is  somewhat  more  complex  than  in  the  suckling 
period  proper.  It  is  represented  ih  a  semidiagrammatic  fashion  by 
the  two  curves  shown  in  Figure  9.  At  birth  the  anatomic  capacity 
of  the  stomach  is  roughly  four  and  one-half  times  the  physiologic 
capacity  (on  the  average  as  33  to  7).  During  the  first  half  of  the 
first  week  of  postnatal  life  the  anatomic  capacity  increases  about  one- 
third,  while  the  physiologic  capacity  is  increased  about  six-fold.  The 
curves  of  these  two  measures  of  gastric  capacity  therefore  converge 
and  meet  between  the  third  and  fourth  day.  Thereafter  the  anatomic 
capacity  continues  to  increase  at  about  the  previous  absolute  rate.  The 
physiologic  capacity,  however,  rises  much  more  slowly  and  is*  soon 
established  slightly  above  that  of  the  anatomic  capacity.  Evidently  the 
constant  relation  which  exists  between  the  average  physiologic  and 
the  average  gastric  capacity  during  the  greater  part  of  the  suckling 
period  is  established  during  the  middle  part  of  the  first  week. 

Taken  as  a  whole,  the  figures  on  physiologic  capacity  which  are 
presented  here  are  distinctly  higher  than  those  of  the  earlier  inves- 
tigators mentioned  at  the  beginning  of  this  paper.  This  is  not  sur- 
prising considering  that  most  of  these  workers  made  their  observa- 
tions upon  infants  which  were  fed  eight  or  more  times  a  day.  The 
differences  between  our  results  and  those  of  other  recent  observers 
are  not  very  great. 

The  most  noticeable  feature  of  this  series  of  observations  is 
the  marked  change  in  physiologic  capacity  which  takes  place  on  the 
fourth  or  fifth  day.  This  change  is  seen  in  all  of  the  values  of 
physiologic  capacity  which  we  have  determined — in  the  absolute  physio- 
logic capacity  both  average  and  average  maximum,  in  relative  capacity, 
in  percentage  increments  of  both  the  average  and  the  average  maxi- 
mum capacity,  and  in  the  two  simple  measures  of  variability  which 
we  have  employed.  In  the  first  four  days  all  measures  of  gastric 
capacity  show  a  very  rapid  increase  while  in  the  last  six  days  of  the 
period  of  observation  the  increment  is  comparatively  slow.  In  the 
first  four  days,  also,  the 'degree  of  variability  in  physiologic  capacity 
is  changing  rapidly  while  in  the  latter  part  of  the  period  it  stands 
at  a  fairly  constant  figure. 

The  rapid  gain  in  physiologic  capacity  of  the  first  four  days  is 
probably  no  index  of  the  actual  growth  of  the  stomach  of  this  period 


Digitized  by  VjOOQ IC 


20 

since  it  is  almost  the  end  of  this  time  before  the  physiologic  capacity 
of  the  stomach  equals  the  anatomic  capacity.  The  figures  and  curves 
relating  to  this  part  of  the  period  of  observation  are  criteria  of  the 
ability  of  the  mother  to  furnish  food  and  of  the  ability  of  the  infant 
to  ingest  it  rather  than  actual  measures  of  the  growth  of  the  stomach 
in  cubic  capacity.  Similarly, .  the  indices  of  variability  which  have 
been  presented  are  measures  of  the  variability  of  the  above  factors 
rather  than  of  gastric  capacity  proper. 

The  later  gain  in  physiologic  capacity,  from  the  fourth  to  the 
eleventh  day,  probably  approaches  much  closer  to  the  real  index  of  the 
stomach's  growth  since  it  is  substantially  the  same  as  the  increase  in 
anatomic  capacity. 

Unfortunately,  we  have  no  available  data  on  the  weight  or  surface 
area  of  the  stomach  in  the  first  few  days  after  birth  to  enable  us  to 
determine  whether  the  growth  of  the  organ  in  these  respects  is  com- 
parable with  the  changes  in  capacity.  It  is  known,  however,  that  the 
growth  of  the  stomach  in  net  weight  is  very  great  in  the  first  post- 
natal inonths  when  the  organ  is  increasing  most  rapidly  in  capacity. 

As  has  been  pointed  out,  our  figures  indicate  that  the  absolute 
physiologic  capacity  increases,  though  not  directly,  with  the  birth 
weight  of  the  child.  This  finding  agrees  with  the  earlier  observations 
of  Ssnitkin  ^  on  physiologic  capacity.  On  the  other  hand,  Holt  *®  in 
his  study  of  anatomic  capacity,  found  no  relation  between  this  meas- 
ure and  body  weight.  However,  his  observations  were  made  mainly 
on  older  children.  That  the  relative  physiologic  capacity  of  groups  of 
lighter  children  is  greater  than  that  of  heavier  groups  has  not,  we 
think,  been  specifically  pointed  out  previously,  although  several  recent 
studies,  such  as  those  of  Reicke**  and  Hammett,**  have  noted  a 
relatively  rapid  rate  of  growth  of  premature  infants  which  might  be 
expected  to  be  associated  with  a  greater  relative  food  intake.  There 
are  few  published  figures  on  the  relative  gastric  capacity  in  the  neo- 
natal period.  The  only  ones  based  on  an  extensive  series  of  cases 
are  those  of  Ssnitkin,"  who  calculated  that  the  average  meal  was  equal 
to  1  per  cent,  of  the  body  weight  plus  1  gm.  for  each  day  of  postnatal 
life.  This  rule  gives  values  far  below  those  quoted  in  our  tables  despite 
the  fact  that  our  percentages  are  figured  on  the  birth  weight  rather 
than  the  actual  weight  at  the  time  of  feeding.  This  discrepancy  is 
probably  due  in  part  to  the  feeding  methods  employed  in  Ssnitkin's 
cases,  and  in  part  to  the  fact  that  his  observations  extended  over  the 
entire  first  month  while  ours  were  limited  to  the  first  ten  days  of  post- 
natal life. 
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Our  figures  show  no  constant  differences  in  the  physiologic  capacity 
of  first  born  and  later  children,  except  for  the  group  of  heaviest  cases. 
This  result  was  unexpected  for  a  priori  one  might  expect  that  first 
bom  children  would  take  smaller  meals  than  later  ones  both  because 
of  greater  birth  trauma,  which  would  limit  their  power  of  nursing, 
and  because  the  mammary  glands  of  primiparae  begin  to  function  a 
little  later  after  delivery  than  do  those  of  multiparae.  While  the 
difference  in  this  later  factor  in  multiparae  and  primiparae  is  one  of 
hours  only,  according  to  Landois'  *  observations,  still  one  might  expect 
it  to  affect  our  averages  slightly.  It  may  be  that  our  findings  in  this 
particular  are  due  to  the  nature  of  the  material  studied,  for  it  is 
the  practice  of  the  University  Hospital  to  receive  all  primiparae  for 
delivery  while  multiparae  are  only  received  when  there  is  record  of 
previous  difficult  deliveries,  when  pathologic  symptoms  are  observed, 
or  when  the  social  conditions  of  the  mother  are  adverse.  By  far  the 
larger  number  of  multiparous  mothers  of  our  series  were  admitted  to 
the  hospital  for  delivery  because  of  adverse  social  circiunstances. 
Possibly  these  circumstances  have  influenced  the  physical  condition  of 
the  mothers  to  the  extent  of  limiting  the  milk  supply  during  the  first 
ten  days  postpartum. 

The  group  of  heaviest  children  in  our  series  (those  having  a  birth 
weight  of  4,000  gm.  or  more)  show  several  peculiarities  of  gastric 
capacity  not  seen  in  the  groups  of  smaller  infants.  These  heavier 
children  have  smaller  relative  anatomic  capacities  at  birth  than  do  the 
lighter  ones  and  theif  physiologic  capacities,  both  absolute  and  relative, 
are  smaller  in  the  first  week  of  life.  In  the  early  part  of  the  second 
week  the  absolute  physiologic  capacity  in  this  group  rises  above  that 
of  the  lighter  groups  of  children  but  the  relative  physiologic  capacity 
remains  far  below  throughout  the  period  of  observation.  In  this 
group,  also,  parity  has  a  distinct  effect  on  physiologic  capacity,  and 
the  averages  of  first  born  children  are  distinctly  below  those  of  later 
children.  We  are  inclined  to  attribute  most  of  these  peculiarities  in 
physiologic  capacity  to  the  greater  trauma  which  these  children  undergo 
at  birth. 

SUMMARY 

The  results  of  this  study  may  be  summarized  as  follows: 
1.  The  average  physiologic  capacity  of  the  stomach  in  the  first 
day  after  birth  is  about  7  gm.  This  practically  doubles  in  the  second 
day,  quadruples  on  the  third,  and  increases  almost  sevenfold  on  the 
fourth.  After  the  fourth  day,  the  increase  is  much  slower  and  the 
average  capacity  on  the  tenth  day  is  81  gm.  or  over  eleven  times 
that  of  the  first  day.  The  average  maximum  physiologic  capacity 
increases  in  much  the  same  manner  as  the  average  physiologic  capacity. 
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It  is  about  one-fourth  greater  than  the  average  physiologic  capacity  on 
the  first  day  and  about  two-thirds  greater  on  the  second.  Thereafter 
the  difference  between  the  two  measures  decreases  rapidly  until  the 
sixth  day.  After  the  sixth  day  the  average  maximum  capacity  remains 
about  one-third  more  than  the  average  capacity. 

2.  The  relative  physiologic  capacity  increases  in  much  the  same 
way  as  the  absolute  physiologic  capacity.  It  is  equal  to  0.21  per  cent, 
of  the  birth  weight  of  the  body  on  the  first  day,  to  1.38  per  cent,  on 
the  fourth  day,  and  2.43  per  cent,  on  the  tenth  day.  The  relative  maxi- 
mum capacity  is  equal  to  0.27  per  cent,  of  the  initial  body  weight  on 
the  first  day,  to  1.96  per  cent,  on  the  fourth  day,  and  to  3.17  per  cent, 
on  the  tenth  day. 

3.  In  the  first  ten  days  parity  has  no  constant  effect  on  the  physio- 
logic capacities  of  children  having  an  initial  body  weight  of  from 
2,000  to  4,000  gm.  Sex  has  no  effect  on  the  physiologic  capacity 
in  this  period. 

4.  The  average  deviation  in  physiologic  capacity  rises  rapidly  from 
the  first  to  the  fourth  day.  Thereafter  it  increases  very  slowly.  The 
percentage  deviation  decreases  rapidly  until  the  fifth  day  and  there- 
after continues  to  drop  very  slowly. 

5.  All  indices  of  physiologic  capacity  indicate  that  there  is  a 
distinct  change  in  the  nature  of  this  value  about  the  fourth  day. 
Until  this  time  the  increase  in  capacity,  in  whatever  manner  it  is 
calculated,  is  very  rapid,  thereafter  it  is  much  ^slower.  In  the  first 
four  days  average  deviation  in  capacity  is  increasing  rapidly  and  per- 
centage deviation  is  decreasing  rapidly.  After  this  time  both  of  these 
measures  change  very  little. 

6.  The  anatomic  capacity  of  the  stomach  at  birth  averages  33  c.c. 
This  is  increased  about  one-third  in  the  first  three  or  four  days  and 
is  a  little  more  than  doubled  in  the  second  week.  There  is  no.  indica- 
tion of  two  definite  stages  in  the  development  of  anatomic  capacity 
in  the  neonatal  period  corresponding  to  the  two  phases  of  physiologic 
capacity.  Anatomic  capacity  and  physiologic  capacity  approximate 
one  another  about  the  fourth  day.  Thereafter  physiologic  capacity 
runs  parallel  to  the  anatomic  capacity  but  is  slightly  greater.  This 
agrees  with  previous  findings  regarding  this  relation  throughout  the 
greater  part  of  the  suckling  period. 

7.  The  curve  representing  average  physiologic  capacity  in  the  first 
ten  days  of  post  natal  life  shows  two  phases.  The  first  segment, 
extending  from  birth  to  the  fourth  day,  shows  little  relation  to  the 
actual  capacity  of  the  organ  but  is  rather  a  measure  of  the  ability  of 
the  average  mother  to  furnish  nourishment  in  this  period  and  the 
ability  of  the  average  child  to  receive  it.     The  second  segment,  extend- 
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ing  from  the  fourth  to  the  tenth  day,  is  probably  a  fair  measure  of 
the  actual  increase  in  gastric  capacity  comparable  with  similar  meas- 
ures of  this  value  made  at  later  times  in  the  sucking  period. 

8.  The  gastric  capacities  of  children  weighing  4,000  gm.  or  over 
at  birth  are  somewhat  different  from  those  of  infants  of  lighter  weights. 
Both  the  average  and  the  average  maximum  physiol(^c  capacities 
of  this  group  are  smaller  than  those  of  lighter  children  in  the  first 
three  or  four  days  of  post  natal  life  but  these  values  increase  rapidly 
in  the  fifth  and  sixth  days  and  before  the  end  of  the  period  exceed 
those  of  smaller  infants.  Parity  has  a  slight  but  distinct  effect  on 
physiologic  capacity  in  this  group  of  large  infants,  and  first  bom 
children  have  a  smaller  capacity  than  do  the  later  born.  The  anatomic 
capacities  of  children  of  this  group  are  somewhat  greater  absolutely 
but  smaller  relatively  than  in  children  of  the  lighter  groups. 
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CHANGES    IN    THE    FORM    AND    DIMENSIONS    OF 

THE    CHEST    AT    BIRTH    AND    IN    THE 

NEONATAL    PERIOD* 

RICHARD    E.    SCAMMON,    Ph.D.,    and    WILLIAM    H.    RUCKER,    B.S. 

MINNEAPOLIS 

In  the  fortnight  following  birth,  the  form  and  dimensions  of  the 
thorax  undergo  a  series  of  peculiar  changes  which  are  dependent  on  a 
number  of  different  factors.  One  of  these  changes,  the  increase  in  the 
horizontal  circumference  of  the  chest  accompanying  the  first  inspiration, 
is  w^U  known,  but  others,  which  are -less  marked  and  more  variable, 
have  apparently  passed  unnoticed.  The  following  account  of  the 
changes  in  the  form  of  the  thorax  of  the  new-born  is  based  on  meas- 
urements of  the  thoraces  of  late  fetuses  and  full  term  still-born 
children,  on  observations  of  living  infants  on  the  first,  third,  fifth, 
seventh,  tenth  and  twelfth  days  after  birth,  and  on  a  number  of  observa- 
tions on  the  horizontal  chest  circumference  immediately  before  and 
after  the  first  inspiration.  The  observations  on  the  dimensions  of  the 
fetal  thorax  were  made  by  Dr.  L.  A.  Calkins  as  a  part  of  an  extensive 
study  on  the  development  of  the  proportions  of  the  body  in  prenatal 
life,  and  our  thanks  are  due  him  for  permission  to  use  these  valuable 
data  in  the  present  investigations.  The  study  on  living  infants  was 
made  at  the  Minneapolis  General  Hospital.  In  our  study  it  proved 
impracticable  to  make  thoracic  measurements  of  the  new-born  until 
ten  or  fifteen  minutes  after  birth  and  we  have,  therefore,  made  use 
of  the  excellent  series  of  observations  of  Linzenmeier  for  data  on  the 
circumference  of  the  chest  immediately  before  and  after  the  first 
inspiration. 

Changes  in  the  Horizontal  Chest  Circumference, — The  horizontal 
circumference  of  the  chest  is  usually  determined  at  the  level  of  the 
nipples,  at  the  level  of  the  lower  end  of  the  sternum,  or  at  the  tenth 
rib.  Our  study  was  based  on  measurements  at  the  nipples  and  at 
the  tenth  rib.  As  the  results  of  these  measurements  are  not  identical 
they  will  be  considered  separately. 

The  changes  in  the  chest  circumference  at  the  level  of  the  nipples 
are  shown  in  Table  1  and  in  graphic  form  in  Figures  1,  2  and  3.  They 
are  best  presented  by  Figure  1,  which  is  a  semischematic  curve  show- 


♦  This  study  was  carried  out  with  aid  of  a  grant  from  the  Research  Fund  of 
the  University  of  Minnesota. 

1.  Linzenmeier,  G. :  Dcr  Verschluss  des  Ductus  arteriosus  Botalli  nach  der 
Geburt  des  Kindes,  Ztschr.  f.  Geburtsh.  u.  Gynak.  7«:242,  1914. 
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ing  the  entire  series  of  modifications  in  this  dimension  *  from  late 
fetal  life  until  the  close  of  the  second  week  after  birth.  Four  phases 
may  be  recognized  in  this  curve.  The  first  phase,  which  includes  the 
latter  part  of  fetal  life,  is  characterized  by  a  slow  increase  in  chest 
circumference  directly  proportional  to  the  growth  of  the  body  in  length 
and  without  any  marked  changes  in  rate  of  growth.  The  second  phase 
is  inaugurated  with  the  first  inspiration.  Within  the  first  few  minutes 
after  birth,  and  often  with  the  first  breath,  the  chest  cicumference 
increases  about  2  cm.,  or  approximately  8  per  cent.  This  period  of 
rapid  increase  is  a  transitory  one  for,  as  a  rule,  before  the  close  of  the 
first  twelve  hours  a  third  phase,  one  of  circumference  decrease,  begins 
and  this  continues  for  two  or  three  days  thereafter.  The  final  phase, 
'  one  of  circumference  recovery,  sets  in  on  the  third  or  fourth  day,  and 
by  the  latter  half  of  the  second  week  the  thorax  has  r^^ained  the 
circumference  which  obtains  immediately  after  the  first  inspiration. 

TABLE  1. — Changes  in  the  Horizontal  Circumference  of  the  Chest 
(at  the  Level  of  the  Nipples)  at  Birth  and  in  the  Neonatal  Period 


Ate 

Number  of  Oases 

Average 

Olrcumfereooe, 

Om. 

Average  Ofreomferenee 
In  Per  Osnt.  of  the 
Ohest  Oireomf  ersnee 
lAMin.  after  Birth 

Birth  (before  fin t  Inipiration) 
16  minutes  after  birth 

40 
86 
» 
» 
34 
81 
19 
8 

2».S* 

S1.2 
80.7 
29.7 
89.S 
89.3 
89^ 
81.8 

88.9 
109.9 

12  hours  after  birth 

98.8 

td  dsT  after  birth 

971 

6th  day  after  birth 

97.7 

7th  day  afterbirth 

96.9 

10th  day  afterbirth 

96.8 

12th  day  after  birth 

109.8 

*  Calculated  from  the  data  of  Llnsenmeler 

The  modifications  in  the  circumference  of  the  chest  at  the  level  of 
the  tenth  rib  are  shown  in  Table  2  and  in  Figures  2  and  3.  In  later 
fetal  life  the  circumference  at  this  level,  like  that  at  the  nipples, 
increases  slowly  and  steadily  at  a  rate  directly  proportional  to  the 
growth  of  the  body  in  length.  We  have  no  direct  data  on  the  changes 
in  the  tenth  rib  circumference  with  the  establishment  of  respiration, 
but  judging  from  the  changes  in  the  diameters  of  the  chest  at  this 
level,  there  is  some  increase  in  circumference  although  not  as  much 
as  at  the  level  of  the  nipples.  The  later  postnatal  changes  in  the 
tenth  rib  circumference  are  very  similar  to  those  in  the  nipple  cir- 
cumference. From  the  first  to  the  fourth  or  fifth  day,  there  is  a 
period  of  circumference  decrease.  This  is  followed  by  a  second  period 
of  slow  increase,  the  initial  circumference  following  the  establishment 
of  respiration  being  regained  about  the  tenth  or  twelfth  day  (Fig.  2). 

The  postnatal  decrease  in  chest  circumference  does  not  seem  to  have 
been  observed  previously.  This  is  not  surprising,  for  the  loss  is  generally 
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small  and  would  hardly  be  noticed  unless  systematic  measurements  were 
made  day  by  day  throughout  the  neonatal  period  on  a  considerable 
series  of  cases.  The  variability  in  the  horizontal  chest  circumference  at 
birth  is  considerable.  Taylor  ^  found  that  the  standard  deviation  of  the 
circumference  at  the  nipples  was  12.2  mm.  for  males  and  17.7  mm.  for 
females.  With  this  d^ree  of  variation  it  is  probable  that  the  postnatal 
decrease  would  be  entirely  masked  in  any  series  of  measurements 
taken  at  random  at  birth  and  in  the  neonatal  period.  While  the  reduc- 
tion in  chest  circumference  is  often  small,  it  seems  to  be  fairly  constant. 
Our  measurements  show  some  reduction  at  the  level  of  the  nipples  in 
thirty-three  of  the  thirty-six  cases  studied,  and  at  the  tenth  rib  in  thirty- 
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Fig.  1. — A  semischematic  curve  illustrating  the  changes  in  the  absolute 
circumference  of  the  chest,  at  the  level  of  the  nipples,  at  birth,  and  in  the 
first  twelve  days  of  postnatal  life.  Based  on  measurements  of  fetuses  and 
still-bom  children  and  on  observations  on  a  series  of  living  infants. 

four  cases.  As  is  indicated  in  Tables  3  and  4,  the  variability  in  the 
amount  of  postnatal  reduction  is  very  great.  The  time  of  maximum 
reduction  also  differs  considerably  in  various  cases. 

Since  there  is  considerable  individual  variation  in  the  circumference 
of  the  chest  at  birth,  we  have  attempted  to  check  the  results  of  our 
absolute  measurements  by  reducing  these  determinations  to  a  percentage 
basis.  This  we  have  done  by  considering  the  circumference  of  the  chest 
immediately  after  the  establishment  of  respiration  as  100  and  calculat- 
ing all  later  measurements  as  percentages  of  this  initial  one.    This  cal- 


2.  Taylor,  R.:    The  Measurements  of  Two  Hundred  and  Fifty  Full-Term 
New-Born  Infants,  Am.  J.  Dis.  Child.  27:353  (April)   1919. 
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culation  was  first  made  for  each  case  separately  and  the  individual 
percentages  for  each  period  of  observation  were  then  averaged.  This 
procedure  eliminates  much  of  the  error  which  is  introduced  in  the 
average  absolute  dimensions  by  initial  differences  in  size  of  the  indi- 
vidual cases.  The  results  of  these  calculations  are  given  in  the  fourth 
columns  of  Tables  1  and  2  and  are  illustrated  by  the  curves  in  Figure  3. 
These  figtu-es  on  the  percentage  loss  and  gain  of  the  chest  circumference 
in  the  neonatal  period  differ  slightly  from  those  obtained  from  the 
averages  of  the  absolute  dimensions,  but  the  general  courses  of  the 
changes  as  determined  by  these  two  methods  are  in  close  agreement. 

The  causes  of  these  changes  in  chest  circumference  seem  to  be 
diverse.  The  increase  in  the  later  part  of  fetal  life  reflects  the 
general  growth  of  the  tissues  and  organs  of  the  thorax  and  probably, 
in  particular,  the  formation  of  new  lung  alveoli,  which  is  very  active  in 
this  period.  The  sudden  increase  at  birth  no  doubt  corresponds,  in  the 
main,  to  the  initial  enlargement  of  the  thorax  which  takes  place  at  the 
establishment  of  respiration  and  which  is  accompanied  by  the  partial 

TABLE  2. — Changes  in  the  Horizontal  Chest  Circumfebence  (at  the 
Level  of  the  Tenth  Rib)   in  the  Neonatal  Period 


Age 

Number  of  Cases 

Average 

Olrcumfereoce, 

Cm. 

Average  Circumference 
In  Per  Cent,  of  the 
Chest  Girth  Immedi- 
ately after  Birth 

15  minutei  after  birth 

85 
86 
86 
S4 

81 
17 
U 

81.4 
80.5 
29.5 
80.5 
80.8 
80.7 
S1.0 

1000 

12bour8  after  bfrtb 

97.4 

Iklday  after  birtb 

960 

5tb  day  after  bfrtb 

968 

7tb  day  after  birth 

978 

lOtb day  afterbirth 

976 

12th  day  after  birth. 

100J9 

expansion  of  the  lung  alveoli.  It  is  possible  that  the  dilation  of  the  vas- 
cular bed  of  the  lungs,  following  the  close  of  the  ductus  arteriosus  and 
the  complete  establishment  of  the  pulmonary  circulation,  is  also  repre- 
sented in  this  increase.  The  postnatal  loss  in  circumference,  on  the 
other  hand,  seems  to  have  nothing  to  do  with  the  expansion  of  the 
lungs.  In  all  probability,  it  is  to  be  interpreted  as  another  manifestation 
of  the  postnatal  loss  in  mass  of  the  infant,  and,  particularly,  as  an  indi- 
cation of  the  loss  of  fluid  from  the  superficial  tissues  of  the  chest  wall. 
The  changes  following  the  phase  of  postnatal  circumference 
decrease  seem  dependent  on  several  factors.  The  enlargement  of  the 
thorax  with  the  completion  of  the  expansion  of  the  lungs  is  probably  the 
most  important  of  these.  The  studies  of  a  number  of  observers,  and, 
particularly,  the  extensive  observations  of  Gedgovd  *  have  shown  that 
all  parts  of  the  lungs  are  not  fully  expanded  at  the  first  inspiration  or 


3.  Gedgovd,  V.  A.:    Anatomical  Peculiarities  of  the  Respiratory  Organs  in 
Childhood,  Diss.  St.  Petersburg,  1900. 
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even  in  the  first  few  days,  but  that  it  is  often  a  week  or  more  before  all 
of  the  alveoli  are  even  partially  dilated.  And  the  investigations  of 
Ridella,*  as  well  as  the  older  data  of  de  la  Croix  *  and  Rossignol  •  indi- 
cate that  this  initial  dilatation  of  the  alveoli  is  not  a  complete  one.  These 
conclusions  are  supported  by  the  careful  micrometric  studies  on  the 
lungs  of  fetal  anf  newlborn  animals  by  Addison  and  Howe.^  It  seems, 
then,  that  the  volume  of  the  lungs  (and,  therefore,  the  internal  dimen- 
sions of  the  thorax)  are  normally  increasing  throughout  the  neonatal 
period,  but  that  the  effect  of  this  increase  on  the  external  dimensions  of 
the  thorax  is  obscured  in  the  first  few  days  after  birth  by  the"  more 
extensive  decrease  in  the  superficial  soft  parts  of  the  chest  wall  which 
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Fig.  2. — A  graph  illustrating  the  changes  in  absolute  chest  circumference, 
at  the  nipples  and  at  the  tenth  rib,  in  the  first  twelve  days  of  postnatal  life. 
Based  on  measurements  of  a  series  of  thirty-six  children. 

is  associated  with  the  postnatar weight  loss.  The  effect  of  the  continued 
increase  in  the  volume  of  the  lungs  and  thoracic  cavity  is  pictured  in 
the  rise  of  the  curve  of  the  chest  circumference  which  occurs  in  the 
latter  part  of  the  neonatal  period  after  the  major  portion  of  the  post- 


4.  Ridella,  A. :  Modificazioni  che  awengo  nel  polmone  prima  o  dopo  la  nascita 
in  relazione  colla  funzione  respiratoria,  Folia  Gynaecol.  7:421,  1912. 

5.  de  la  Croix,  N.  J. :  Die  Entwicklung  des  Lungenepithels  beim  menschlichen 
Fotus  und  der  Einfluss  der  Atmung  auf  Dasselbe,  Arch.  f.  mikr.  Anat.  2S:93, 
1883. 

6.  Rossignol:  Recherches  sur  la  structure  intime  du  pulmon  de  lliomme, 
These,  Bruxellcs,  1846. 

7.  Addison,  W.  H.  F.,  and  Howe,  H.  W.:  On  the  Prenatal  and  Neonatal  Lung, 
Am.  J.  Anat.  IS:  199,  1913. 
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natal  weight  decrease  has  taken  place  or  when  the  recovery  in  body 
weight  b^ns.  A  comparison  of  the  changes  in  chest  circumference 
with  those  in  body  weight  in  certain  of  our  cases  seems  to  support  this 
view,  for  we  find  that  the  circumference  loss  and  body  weight  loss  are 
often  synchronous  while  the  recovery  of  the  initial  chest  circumference 
often  does  not  coincide  with  the  recovery  in  body  weight,  but  takes 
place  a  little  sooner  or  even  while  the  body  weight  is  stationary.  Other 
minor  factors,  such  as  the  enlargement  of  the  mammary  glands  asso- 
ciated with  the  formation  of  "witches'  milk,"  may  also  have  a  slight 
effect  on  the  circumference  at  the  nipples. 

TABLE  3.— Extent  of  Postnatal  Loss  in  Chest  Circumference  at  the 

Level  of  the  Nipples.     (Calculated  in  Per  Cent,  of  the  Chest 

Circumference   15   Minutes  After  Birth.) 


Number 

FerOeot. 

8 

14 
14 

4 
1 

9 

OVWfl   f howlDV  •   \CM9  of  klM  thftO  5  Dflir  <MVlt.                   

89 

OasM  sbowf Off  A  loM  of  6  to  10  per  eent 

89 

Caaet  sbowliiE  a  ioss  of  io  to  is'^pcr  cent 

11 

Cases  sbowlDg  a  loss  of  16  per  eebt.  or  more 

2 

The  postnatal  changes  in  the  circumference  at  the  tenth  rib  are  prob- 
ably due,  in  the  main,  to  the  same  factors  which  influence  the  circum- 
ference at  the  nipples.  The  neonatal  reduction  at  the  tenth  rib  is  a 
little  greater  and  the  recovery  a  little  slower  than  at  the  nipples,  pre- 
sumably because  the  enlargement  of  the  lower  part  of  the  chest  in  con- 

TABLE  4. — Extent  of  Postnatal  Loss  in  Chest  Circumference  at  the 

Level  of  the  Tenth  Rib.     (Calculated  in  Per  Cent,  of  the 

Chest  Circumference  15  Minutes  After  Birth.) 


Number 

Percent. 

OasM  showfDff  DO  kMs  In  eJnnimfernioe. ,,,.,,,. 

2 
10 
20 

4 

6 

Oamw  showlDE  a  lost  of  lets  than  5  p^i*  eeot , .  t 

27 

Oasffl  stiowinr  a  loss  of  S  to  10  oer  cnt.  ..................... 

56 

Cases  showliiE  a  loss  of  10  to  16  per  eent 

11 

nection  with  the  expansion  of  the  lungs  is  less  marked.  Another  factor 
which  may  play  a  part  in  the  reduction  of  the  tenth  rib  circumference 
is  the  postnatal  decrease  in  the  size  of  the  liver  which  has  been  des- 
cribed by  Miura.'  This  author  finds  a  decline  in  the  mass  of  the  liver 
after  birth  which  may  be  attributed  to  the  decrease  in  blood  content 
of  the  liver  following  the  interruption  of  the  flow  of  placental  blood 
to  the  organ  with  the  closure  of  the  umbilical  vein. 

Changes  in  the  Diameters  of  the  Chest. — The  anteroposterior  and 
transverse  diameters  of  the  thorax  were  measured  at  the  nipples  and  at 


8.  Miura,  M. :  Die  Gewichtsabnahme  vcrschiedencr  Organe  vom  Neugeborenen, 
Notizen  meiner  physiologischen  und  pathologischen  Forschung,  No.  15,  1912. 
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the  tenth  rib  in  our  series  of  living  children.  The  summarized  results  of 
these  measurements  are  shown  in  Tables  5,  6,  and  7  and  are  represented 
graphically  by  the  curves  in  Figures  4  and  5. 

The  changes  in  the  diameters  of  the  chest  at  the  level  of  the  nipples 
and  at  the  tenth  rib  are  quite  similar  in  the  neonatal  period.  After 
breathing  begins  the  anteroposterior  and  transverse  diameters  undergo 
a  series  of  modifications  in  which  three  main  phases  may  be  recognized. 
Of  these  the  first  is  a  period  of  diameter  decrease  which  begins  after 
respiration  is  established  and  extends  from  twelve  hours  to  three  or  four 
days  thereafter.  The  second  phase  occupies  the  latter  part  of  the  first 
week  and  the  beginning  of  the  second.    During  this  time  the  diameters 


Fig.  3. — ^A  graph  illustrating  the  changes  in  the  circumference  of  the  chest 
at  the  level  of  the  nipples  and  the  level  of  the  tenth  rib.  The  circumferences 
for  the  first  and  later  days  are  calculated  in  per  cent,  of  the  circumference  of 
the  chest  ten  to  fifteen  minutes  after  birth. 

may  decline  slightly,  remain  stationary,  or  show  minor  fluctuations 
which  are  probably  without  significance.  In  the  third  period,  which  falls 
in  the  middle  or  latter  part  of  the  second  week,  the  diameters  again 
begin  to  increase  and  their  initial  dimensions  (as  observed  immediately 
after  the  establishment  of  respiration)  are  generally  r^[ained  between 
the  tenth  and  fourteenth  day.  Thus  the  changes  in  the  diameters  of 
the  thorax  in  the  neonatal  period  show  the  same  general  characters  of 
postnatal  loss  and  recovery  which  were  found  in  connection  with  the 
circumferences  of  the  chest. 
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The  postnatal  reduction  in  the  diameters  of  the  chest  is  a  fairly  con- 
stant phenomenon.  The  anteroposterior  diameter  at  the  nipples  showed 
a  reduction  in  twenty-two  of  the  twenty-three  cases  studied,  and  the 
transverse  diameters  in  twenty  cases.  At  the  tenth  rib  the  antero- 
posterior diameter  was  reduced  in  eighteen  of  twenty-three  cases  and 
the  transverse  diameter  in  twenty-two  cases.  The  amount  of  reduction 
of  the  anteroposterior  diameters  is  much  greater  both  absolutely  and 
relatively  than  the  reduction  of  the  transverse  diameters.  This  is  true 
of  the  diameters  both  at  the  level  of  the  nipples  and  at  the  tenth  rib. 
This  difference,  as  well  as  the  variation  in  reduction  in  individual  cases, 
is  shown  in  Tables  6  and  7.  The  causes  of  these  changes  will  be  con- 
sidered in  connection  with  the  thoracic  index. 

Changes  in  the  Thoracic  Index. — ^The  thoracic  index  is  a  value 
determined  by  dividing  the  anteroposterior  diameter  of  the  chest  by  the 
transverse  diameter  and  multiplying  the  quotient  by  100.    The  result 

TABLE  5. — Changes  in  the  Diameters  of  the  Chest  in  the  Neonatal  Period 


Age 


Number 

of 
CaBCfl 


Average  Diameters 
at  tbe  Nipples 


Trana- 
▼erse 


Antero- 
posterior 


Average  Diameters 
at  the  Tenth  Rib 


Trans- 


Antero- 
posterior 


15  minutes  after  birth 

12  hours  afterbirth 

Sd  day  after  birth 

5th  day  after  birth 

7th  day  after  birth 

10th  to  12th  days  after  birth 


23 
28 
23 
21 
IS 
10 


7.7 
7.7 
7.5 
7.5 
7.5 
7.7 


8.2 

7.9 
7.7 
7.6 
7.7 
7.8 


8.9 
8.7 
8.8 
8.0 
8.8 
8.9 


8J 
8.0 
7.9 
7.8 
8.0 
8.1 


gives  the  anteroposterior  diameter  of  the  thorax  in  the  form  of  a  per 
cent,  of  the  transverse  diameter,  and  is  an  expression  of  the  relative 
depth  of  the  chest.  Thanks  to  the  studies  of  Hutchinson,®  Mehnert,^** 
Rodes,*^  Jackson  ^'  and  others  the  general  course  of  the  changes  in  the 
thoracic  index  in  the  developmental  period  is  well  known.  •  It  is  very 
high  (nearly  200)  in  the  young  embryo  because  of  the  large  size  and 
great  anteroposterior  diameter  of  the  heart  and  liver;  but  with  the 
development  of  the  thoracic  skeleton  it  gradually  falls  to  less  than  90 
in  the  fetus  at  term.  In  childhood  the  index  continues  to  decline,  usually 
falling  to  about  70  in  maturity.  The  index  is  markedly .  affected  at 
birth  by  a  number  of  factors.    The  course  of  the  modifications  of  the 


9.  Hutchinson,  W.:    Some  Deformities  of  the  Chest  in  the  Light  of^Its 
Ancestry  and  Growth,  J.  A.  M.  A.  »:512,  1897. 

10.  Mehnert,  E. :  Ucber  topograph ische  Alters veranderungen  dcs  Atmungsap- 
parates,  Jena,  1901. 

11.  Rodes,  C.  B. :   The  Thoracic  Index  in  the  Negro,  Ztschr.  f.  Morphol.  u. 
Anthropol.  9:102,  1906. 

12.  Jackson,  C.  M.:   Is  Gravity  the  Factor  Determining  the  Thoracic  Index? 
Ztschr.  f.  Morphol.  u.  Anthropol,  10:240.  1907. 
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thoracic  index  at  the  nipples  in  the  neonatal  period  is  shown  in  Table 
8  and  by  Figure  6. 

The  changes  in  the  index  at  the  level  of  the  nipples  are  shown  in 
scmischematic  form  in  curve  B  of  Figure  6.  In  the  latter  part  of  fetal 
life  (ninth  and  tenth  fetal  months)  the  average  index  is  about  86.** 


Fig.  4. — ^A  graph  illustrating  the  changes  in  the  anteroposterior  and  trans- 
verse diameters  of  the  chest,  at  the  nipples,  in  the  first  twelve  days  after  birth. 


Fig.  5. — A  graph  illustrating  the  changes  in  the  anteroposterior  and  trans- 
verse diameters  of  the  chest  at  the  tenth  rib^  in  the  first  twelve  days  after  birth. 

At  birth,  with  the  establishment  of  respiration,  it  rises  immediately  to  an 
average  of  106.  This  initial  rise  is  followed  almost  at  once  by  a  rapid 
decline,  the  index  falling  to  an  averag:e  of  102  within  twelve  hours  after 
birth.    During  the  remainder  of  the  neonatal  period,  the  measure  drops 


13.  This  determination  was  made  from  Dr.  Calkins'  material  and  is  not 
corrected  for  the  changes  which  occur  in  the  chest  on  injecting  the  cadaver. 
Dr.  Calkins'  observations  show  that  these  changes  tend  to  increase  the  antero- 
posterior diameter  more  than  the  transverse,  and  that,  the  true  thoracic  index 
in  later  fetal  life  is  a  little  lower  than  is  here  recorded. 
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slowly  and  irregularly,  being  about  100.5  in  the  middle  of  the  second 
postnatal  week.  Six  months  or  more  pass  before  it  has  declined  to  the 
average  which  obtains  just  before  birth. 

The  changes  in  the  index  at  the  level  of  the  tenth  rib  are  similar  in 
character  but  are  less  pronounced  than  those  at  the  level  of  the  nipple. 
They  are  presented  semidiagrammatically  by  curve  A  of  Figure  6.  In 
the  latter  part  of  fetal  life  and  in  children  who  have  not  breathed,  the 
average  index  at  the  lower  level  is  91  or  92.  With  the  establishment  of 
respiration,  it  rises  to  an  average  of  95  and  then  declines  again,  in  the 
course  of  the  first  twenty-four  hours,  to  92.  By  the  middle  of  the 
second  postnatal  week  it  has  dropped  to  86. 


TABLE  6. — Extent  of  Postnatal  Loss  in  the  Transverse  and  Antero- 
posterior Diameters  op  the  Chest  at  the  Level  of  the  Nipples 


Antero- 
posterior 
Diameter 


Tram- 

verM 

Diameter 


Nnmber  of  casef  showfng  do  reduction 

Nomber  of  cases  showing  a  reduction  of  less  than  0.5  cm 

Number  of  cases  showing  a  reduction  of  between  0.5  and  1.0  cm. 
Number  of  cases  showing  a  reduction  of  between  1.0  and  1.6  cm. 
Number  of  cases  showing  a  reduction  of  between  1.6  and  2.0  cm. 


1 
1 
9 
11 
1 


Xhe  rise  in  the  thoracic  index  which  occurs  immediately  after  birth 
presumably  takes  place  at  the  first  breath  when  the  chest  wall  is  carried 
upward  and  forward  as  in  the  inspiratory  movements  of  later  life.  The 
causes  of  the  decline  of  the  index  which  follows  this  initial  rise  are  more 
obscure.  We  are  inclined  to  attribute  the  change,  in  part  at  least,  to  the 
effect  of  gravity  on  the  form  of  the  chest.  During  prenatal  life  the  fetus 

TABLE  7.— Extent  op  Postnatal  Loss  in  the  Transverse  and  Antebo- 
FosTERioR  Diameters  op'  the  Chest  at  the  Level  op  the  Tenth  Rn 


Antero-  i  Trans- 
posterior  Tcne 
Diameter     Diameter 


Number  of  caaes  BhowlDg  no  reduction 

Nomber  of  casea  showing  a  reduction  of  less  than  0.5  cm 

Nomber  of  cases  showing  a  reduction  of  between  0.5  and  1.0  cm. 
Number  of  cases  showing  a  reduction  of  between  1.0  and  1.6  cm. 
Nnmber  of  casee  showing  a  reduction  of  between  1.5  and  2.0  cm. 


is  surrounded  with  fluid  and  consequently  all  external  pressures  are 
transmitted  to  its  surfaces  equally  from  all  sides.  Thus  the  tendency  of 
all  external  pressures  would  be  to  mold  the  body  into  spherical  form  of 
which  all  diameters  would  be  equal.  But  after  birth,  when  the  infant 
spends  the  greater  part  of  the  time  prone  on  the  back  or  abdomen,  the 
force  of  gravity  would  be  exerted  on  the  anterior  or  posterior  surfaces 
of  the  thorax,  tending  to  decrease  its  anteroposterior  diameter  and  to 
increase  its  transverse  diameter.    While  it  seems  reasonable  to  regard 
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gravity  as  one  of  the  important  factors  in  the  early  reduction  of  the 
thoracic  index,  it  is  probable  that  the  modifications  in  the  forms  of  the 
chest  which  are  due  to  this  factor  take  place  in  a  comparatively  short 
time  after  birth.  Jackson's  experiments  **  indicate  that  gravity  has 
little  to  do  with  the  slow  flattening  of  the  chest  which  goes  on  in  later 
infancy  and  childhood. 

It  is  possible  also  that  the  dropping  of  the  dome  of  the  diaphragm 
after  birth  may  have  some  effect  on  the  thoracic  index.     That  the 


100 


80 


110 


m 


XX) 


95 


00 


T — ! — i — I — I — r 


Thonof.  index 
al  Ihe  lOlh  nb 


1 — I — I — \ — I — I — I — I — r 


II     I     i  .  1     I 


J L. 


-I L 


J I UJL 


Ual  pnnolal  mkK       Brihh 


T — r 


Neonalal  penod 


1 — I — I — r 


T — r 


I — r 


Thomcic  index 
alth«ni^pteo 


Wb      ^     sir     tBT    '     ml    eibdoy 

Fig.  6. — ^Two  semischematic  graphs  illustrating  the  changes  in  the  thoracic 
index  at  birth  and  in  the  neonatal  period. 

diaphragm  does  descend  in  the  thorax  shortly  after  birth  seems  well 
established,  but  so  little  is  known  either  of  the  extent  or  the  time  of  this 
change  that  it  is  hardly  possible  to  correlate  it  with  the  modifications  in 
chest  form. 

Whatever  factors  may  be  responsible  for  the  modifications  in  the 
thoracic  index  in  the  neonatal  period,  these  changes  are  correlated  in  an 
interesting  manner  with  the  internal  changes  of  the  lungs.     It  was 
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pointed  out  by  Champncys  ^*  a  number  of  years  ago  that  the  inflation 
of  the  lungs  does  not  take  place  at  the  same  rate  in  all  parts  of  these 
organs.  He  found  that  the  anterior  surfaces  and  medial  margins 
were  expanded  distinctly  before  the  lateral  portions  and  the  inferior 
margins."  Thus  the  early  expansion  of  the  anterior  surfaces  and  med- 
ial margins  of  the  lungs  reflects  the  early  increase  in  the  anteroposterior 
diameter  of  the  thorax,  particularly  at  the  level  of  the  nipples,  while  the 
subsequent  expansion  of  the  liateral  portions  corresponds  to  the  later 
increase  in  the  transverse  diameters.  And,  similarly,  the  expansion  of 
the  lower  portions  and  inferior  margins  is  considerably  delayed  in 
correspondence  with  the  slower  and  smaller  changes  in  the  circum- 
ference and  thoracic  index  at  the  level  of  the  tenth  rib. 

SUMMARY 

At  birth  and  in  the  neonatal  period  the  thorax  undergoes  a  series  of 
modifications  in  dimensions  and  form  which  may  be  summarized  as 
follows : 

TABLE  8.— Changes  in  the  TnoRAac  Index  at  Birth  and  in  the 
Neonatal  Period 


Age 

Number  of 
Cases 

Average  of  Indices 

At  the  Level  of 
the  Nipples 

At  the  Level  of 
the  Tenth  Rib 

9th  fetal  month 

18 
13 
19 
23 
28 
23 
.21 
18 
10 

86.5 
86.0 
86.0 
106.0 
102.0 
102.0 
100.5 
102.0 
100,5 

92 

lOth  fetal  month 

02 

Birth  (full-term  fetuses) 

91 

15  minutes  after  birth 

95 

1st  day  (12  hours)  after  birth 

92 

8d  day  after  birth 

89 

6th  day  after  birth 

91 

7th  day  afterbirth 

91 

lOth  and  12th  days  after  birth. . ". 

88 

1.  The  horizontal  chest  circumference  (at  the  nipples)  is  markedly 
increased  at  the  first  inspiration.  In  the  first  day,  within  twelve  hours 
after  birth,  it  enters  a  period  of  decrease  which  continues  for  two  or 
three  days  and  which  is  followed  by  a  period  of  circumference  increase. 
The  initial  circumference  following  the  first  inspiration  is  regained  in 
the  second  week. 

2.  No  data  are  available  as  to  the  changes  in  the  circumference  of 
the  chest  at  the  tenth  rib  with  the  establishment  of  respiration,  although 
it  is  probable  that  they  are  somewhat  similar  to  those  at  the  nipples, 


14.  Champneys,  F.  H.:  Second  Communication  on  Artificial  Respiration  in 
Still-Born  Children.  The  Expansibility  of  the  Various  Parts  of  the  Lungs, 
Medico-Chir.  Trans.,  Ser.  2  42:87,  1881. 

15.  These  findings  are  substantially  confirmed  by  G.  J.  Noback,  working  in 
this  laboratory,  who  has  investigated  the  condition  of  the  thoracic  viscera  of 
the  new-born  both  in  the  fresh  condition  and  after  intravascular  fixation.  His 
results  will  be  published  separately. 
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although  less  extensive.  After  respiration  is  established,  the  circum- 
ference at  the  tenth  rib  undergo.es,  first,  a  decrease,  and  then  an  increase, 
in  a  manner  similar  to  that  of  the  circumference  at  the  level  of 
the  nipples. 

3.  The  anteroposterior  and  the  transverse  diameters  of  the  thorax, 
both  at  the  level  of  the  nipples  and  at  the  level  of  the  tenth  rib,  show 
changes  comparable  with  those  of  the  circumferences  at  these  levels. 
They  decline  in  magnitude  from  the  first  to  the  fifth  day  after  birth,  and 
then  enter  a  period  of  recovery,  the  initial  dimensions  (after  respira- 
tion is  established)  being  regained  about  the  mfddle  of  the  second  post- 
natal week.  The  anteroposterior  diameters  undergo  a  much  greater 
reduction  than  the  transverse  diameters. 

4.  The  thoracic  index  at  the  nipples  stands  at  about  86  before  birth. 
With  the  establishment  of  respiration  it  rises  to  an  average  of  106  and 
then  drops  to  about  102  in  the  first  twenty-four  hours.  During  the 
remainder  of  the  neonatal  period,  it  declines  irregularly  and  slowly, 
being  100.5  in  the  middle  of  the  second  week.  The  changes  in  the 
thoracic  index  at  the  level  of  the  tenth  rib  are  of  the  same  general 
character  as  those  at  the  level  of  the  nipples  but  are  less  pronounced. 

5.  The  changes  in  the  form  and  dimensions  of  the  chest  in  the  neo- 
natal period  (with  the  exception  of  the  postnatal  loss  in  circumference 
and  diameter  which  seem  to  be  associated  with  postnatal  weight  loss) 
are  reflected  in  the  order  and  degree  of  expansion  of  the  different  parts 
of  the  lungs. 
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The  immediate  and  the  remote  effects  of  inanition  upon  the 
young  organism  are  subjects  of  interest  and  importance,  especially 
at  the  present  time.  Experimental  studies  in  this  field  .have 
yielded  much  of  importance  to  biology  in  general  and  to  medicine 
in  particular.  It  is  very  desirable  to  know  more  about  the 
changes  produced  in  the  sex  glands  of  malnourished  or  under- 
nourished infants  and  children,  and  the  resulting  effects  upon 
the  reproductive  system  in  later  adult  Ufe.  Inanition  in  adults 
may  also  occur  either  alone  or  associated  with  acute  or  especially 
with  chronic  wasting  diseases,  causing  degenerative  processes 
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in  the  sex  glands.  Recent  work  on  vitamine  deficiencies  (by 
McCarrison,  Allen,  Butcher,  and  others)  indicates  that  the 
changes  produced  in  the  sex  glands  by  this  partial  inanition 
resemble  those  found  after  general  inanition.  A  study  of  the 
changes  occurring  in  the  histological  structure  of  the  testis  of 
the  albino  rat  during  experimental  inanition  at  various  ages 
was  therefore  undertaken,  and  the  results  are  embodied  in  the 
present  paper. 

.  MATERIAL  AND  METHODS 

A  large  part  of  the  material  for  this  investigation  was  presented 
to  me  by  Dr.  C.  M.  Jackson,  to  whom  the  writer  is  also  very  much 
indebted  for  constant  advice,  aid,  and  criticism  throughout  the 
course  of  this  study.  The  material  comprises  the  testes  of  several 
albino  rats  (Mus  norvegicus  albinus)  that  had  been  subjected 
to  inanition  experiments  in  the  Institute  of  Anatomy.  The 
adult  animals  during  acute  inanition  were  allowed  water  only; 
but  one  of  the  adults  was  placed  on  total  inanition,  as  were 
also  the  young  rats  (two  days  old)  which  were  removed  from  the 
mother  and  given  neither  food  nor  water.  Those  on  chronic 
inanition  were  fed  restricted  amoimts  of  Graham  bread  soaked 
in  whole  milk  for  various  periods.  Some  were  refed  fully  after 
underfeeding  for  various  periods.  The  animals  were  killed  by 
chloroform  and  autopsied,  the  testes  being  weighed  (without 
epididymis)  and  portions  fixed  for  histological  study.  For  con- 
venience the  material  at  my  disposal  is  grouped  as  shown  in 
table  1.  In  the  first  column,  representing  the  individual  rat 
numbers,  the  letters  indicate  the  series  (those  autopsied  by 
myself  are  *Si'),  the  niunber  following  indicates  the  litter,  while 
the  number  after  the  decimal  point  identifies  the  individual  rat. 

The  testes  had  been  fixed  in  either  Zenker's,  Bouin's,  or 
Flemming's  fixatives.  Paraffin  sections  were  cut  at  2  to  10m 
in  thickness.  The  sections  were  stained  chiefly  with  haema- 
toxylin  and  eosin,  Weigert's  iron  haematoxylin  counterstained 
with  Van  Gieson's  stain,  or  Heidenhain's  iron-alum  haema- 
toxyUn  coimterstained  in  some  instances  with  orange  G  or  acid 
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fuchsin.  In  general,  Heidenhain's  iron-alnm  haematoxylin  with- 
out any  counterstain  gave  by  far  the  best  results. 

My  own  material  was  fixed  in  Carnoy's  mixture  (no.  1)  and 
in  Bouin's  fluid.  Fixation  for  one  hour  with  Camoy's  mixture 
was  found  to  be  best.  Sections  were  stained  with  Heidenhain's 
iron-alimi  haematoxylin  with  or  without  counterstain  (acid 
fuchsin).  This  gave  clear-cut  karyokinetic  figures  in  all  stages 
of  mitosis. 

A  number  of  measiurements  of  cross-sections  of  tubules  were 
also  taken  from  the  stained  sections  by  means  of  a  micrometer 
eyepiece.  Sections  of  each  testis  containing  the  largest  nimaber 
of  tubules  cut  in  cross-section  were  chosen.  In  each  section  all 
the  tubules  showing  a  true  cross-section  (approximately  circular) 
were  measm-ed.  The  results  embodied  in  table  1  are  therefore 
the  average  of  measurements  of  a  variable  nimaber  of  tubules, 
ranging  from  8  to  44  in  the  individual  cases.  While  the  observa- 
tions are  relatively  few  in  nimaber,  they  are  sufficient  to  indicate 
clearly  any  marked  change  in  size. 

In  addition,  a  few  (ten  to  fifteen)  nuclei  of  the  interstitial 
cells  in  both  the  control  and  the  test  rats  were  measured  at 
various  stages  and  the  averages  calculated.  Only  a  sufficient 
number  of  testes  was  taken  from  each  group  to  determine  whether 
any  marked  change  in  the  size  of  the  nuclei  had  taken  place  as  a 
result  of  the  test  conditions.  The  results  are  fisted  in  table  1. 
No  measurements  of  the  cell  body  were  attempted,  on  account 
of  the  irregularity  of  form.  Measurements  on  the  seminiferous 
epithefial  cells  were  likewise  found  to  be  impracticable. 

OBSERVATIONS 
1.  Normal  postnatal  histogenesis  {group  I) 

In  order  to  understand  more  fully  the  changes  which  inanition 
produces  in  the  testis,  it  is  essential  to  review  briefly  its  normal 
histological  structure  and  histogenesis  as  a  basis  for  comparison. 

Newborn  (fig.  1).  In  microscopic  sections  of  the  testis  in  the 
newborn  rat,  the  seminiferous  tubules  appear  closely  packed 
together  at  the  periphery  of  the  testis,  while  in  the  center  of  the 
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section  the  tubules  are  less  compactly  arranged.  The  tubules 
average  37.2/i  in  diameter.  The  intertubular  spaced  contain 
many  small  capillary  vessels  and  mesenchymal  cells.  The 
tubules  themselves  consist  chiefly  of  a  single  layer  of  parietal 
epithelial  cells,  which  apparently  correspond  to  those  designated 
as  'Sertoli  cells'  by  v.  Ebner  ('02)  in  the  testis  of  the  colt.  These 
cells  fuse  to  form  a  syncytium.  Lumina  have  not  yet  appeared 
in  the  tubules.  The  central  portion  of  each  tubule  contains  from 
one  to  three  large  clear  cells,  each  containing  a  definite,  well- 
marked  nucleus.  Each  nucleus  has  from  one  to  three  small 
clumps  of  chromatin  situated  usually  (but  not  always)  close  to 
the  periphery  of  the  nucleus.  These  masses  probably  represent 
chromatin  nucleoli.  These  large  central  cells  apparently  corre- 
spond to  those  described  by  v.  Ebner  ('02,  fig.  1147)  as  the  primi- 
tive germ  cells  ('Ursamenzellen')  from  which  the  spermatogonia 
are  probably  derived. 

Interstitial  cells  (of  typical  structure)  have  not  yet  developed. 
There  is  present,  however,  in  the  intertubular  tissue  a  peculiar 
type  of  cell  which  appears  to  be  the  forerunner  of  the  later  inter- 
stitial cells  (fig.  14,  A).  This  cell  contains  a  large  roimd  nucleus 
(average  diameter,  7.1m)  extremely  rich  in  chromatin,  which  in 
turn  is  surroimded  by  a  narrow  rim  of  clear  cytoplasm.  By 
the  form  of  its  nucleus  and  its  deeply  staining  chromatin,  it  is 
easily  distinguished  from  the  ordinary  yoimg  mesenchymal  or 
connective-tissue  cell. 

Fourth  day  (fig.  2).  In  a  normal  rat  at  four  days  of  age  the 
development  of  the  testis  has  advanced  considerably.  The 
whole  section  is  filled  with  seminiferous  tubules  (average  diam- 
eter, 41.7m).  Within  the  tubules  themselves  the  parietal  cells 
show  no  material  increase  in  number,  but  the  spermatogonia 
(Allen's  cell  type  A)  have  appeared.  They  are  probably  derived 
from  the  central  cells  ('Ursamenzellen'  of  v.  Ebner),  which  still 
occur  (less  numerously)  and  present  mitoses,  though  less  fre- 
quently than  in  the  newborn.  Before  dividing,  they  often  appear 
to  migrate  from  the  center  of  the  tubule  toward  its  periphery 
and  crowd  in  among  the  parietal  cells.  Some  tubules  already 
contain  a  few  cells  which  resemble  Allen's  type  B;  that  is,  a 
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primary  spermatocyte  cell  in  its  earliest  phase.  The  forerunners 
of  the  interstitial  cells  are  beginning  to  group  themselves  together 
in  the  intertubular  spaces. 

One  week  (fig.  3).  A  section  of  the  testis  from  an  albino  rat 
at  seven  days  shows  an  increase  in  the  number  and  size  of  the 
tubules  (average  diameter,  50.5m).  (The  larger  number  of 
tubules  appearing  in  a  cross-section  of  the  testis  may,  however, 
be  due  to  an  increase  in  the  length  of  the  tubules  rather  than 
an  actual  increase  in  their  number.)  This  represents  the 
earliest  stage  described  by  Allen  C18).  The  tubules  now  contain 
two  or  three  layers  of  cells.  Very  few  central  cells  still  remain, 
but  spermatogonia  (Allen's  type  A),  are  present  in  large  numbers. 
There  are  very  few  type  B  cells.  In  other  words,  an  undiffer- 
entiated condition  of  the  spermatic  epithelium  still  prevails. 
The  syncytium  (Sertoli  syncytium)  which  fills  the  tubules  at  this 
stage  is  exceptionally  well  shown.  The  number  of  mitotic 
figures  has  again  increased,  so  there  are  now  as  many  figures  in 
the  field  as  there  were  at  birth.  The  interstitial  cells  are  more 
nuijierous  and  the  amount  of  interstitial  tissue  is  increased. 

Two  weeks  (fig.  4).  There  is  a  large  increase  in  the  apparent 
number  of  seminiferous  tuKules,  and  their  average  diameter 
has  increased  to  65.3/x.  There  are  many  cells  of  types  A  and  B, 
and  some  tubules  even  show  Allen's  type  C  (spermatocytes  in 
which  the  chromatin  masses  become  more  diffuse  than  in  type 
B  and  assume  a  'woolly  appearance') .  A  few  cells  have  advanced 
as  far  as  the  leptotene  stage.  It  is  now  fairly  easy  to  distinguish . 
between  Sertoli  cells  and  spermatogonia.  The  Sertoli  cell  has 
a  nucleus  with  only  a  little  chromatin  material,  in  this  way 
differing  from  the  nucleus  of  the  spermatogonium,  which  has  a 
large  amount  of  deeply  staining  chromatin. 

Three  weeks  (fig.  5).  Lumina  are  just  beginning  to  appear  in 
the  closely  packed  tubules,  whose  average  diameter  has  now 
increased  to  99.7/li.  Spermatogonia,  cells  of  types  A,  B,  and  C, 
are  numerous.  A  few  tubules  already  contain  primary  spermato- 
cytes showing  mitotic  figures.  In  many  places,  degenerating 
primary  spermatocytes  and  spermatogonia  are  also  present. 
This  appears  to  be  a  normal  physiological  process,  occurring  in 
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the  testis  at  all  ages.  No  secondary  spermatocytes  or  spermatids 
are  to  be  seen.  The  interstitial  tissue  is  assuming  its  adult 
structure  (fig.  14,  B).  The  nuclei  average  only  4.7m  in  diameter, 
which  is  much  smaller  than  at  birth  (7.1m). 

One  month  (fig.  6).  The  testis  at  this  stage  shows  only  a  slight 
advance  in  development.  It  is  distinguished  by  the  large  number 
of  primary  spermatocytes  present.  Spermatids  have  not  yet 
appeared.    The  interstitial  tissue  shows  no  change. 

Six  to  ten  weeks.  Sections  of  testes  from  forty-three  to  seventy 
days  of  age  show  a  gradual  increase  in  the  size  of  the  tubules 
(table  1)  and  in  the  number  of  mature  sperm  elements.  Mature 
spermatozoa  appear  for  the  first  time  at  the  age  of  forty-three 
days.  Their  number  increases  so  rapidly  that  at  eight  weeks 
(fig.  7)  the  histological  structure  of  the  testis  differs  in  no  impor- 
tant respect  from  that  in  the  older  rats.  The  interstitial  cells 
show  no  noticeable  change  in  structure. 

Judging  from  the  statements  of  Hewer  ('14)  and  Allen  ('18), 
there  appears  to  be  considerable  variation  in  the  age  at  which 
the  various  steps  in  the  process  of  spermatogenesis  occur  in  the 
albino  rat.  Hewer  reported  that  there  is  no  differentiation  of 
primary  spermatocytes  from  spermatogonia  imtil  the  twenty- 
fifth  day  after  birth.  Allen  foimd  that  his  rats  reached  the 
pachjrtene  stage  at  two  weeks;  while  my  material  first  shows 
this  stage  at  three  weeks.  Hewer  found  that  lumina  first  appear 
in  the  tubules  at  seven  weeks.  Allen  demonstrated  them  in 
all  rats  fourteen  days  old.  In  my  own  rats  fourteen  days  old 
I  f oimd  no  evidence  of  definite  lumina,  but  they  begin  to  appear 
at  twenty-one  days.  Hewer  stated  that  spermatozoa  are  not 
present  in  the  lumina  of  the  tubules  until  nine  weeks  after  birth, 
Allen  found  spermatozoa  in  rats  at  the  age  of  thirty-seven  days, 
which  corresponds  closely  with  my  observation  at  forty-three 
days. 

2,  Changes  in  young  rats  subjected  to  acute  inanition  {Group  II) 

A  comparison  of  the  testes  of  the  normal  control  (at  four  days) 
with  those  of  the  test  animals  of  same  age  (but  lesser  body  weight) 
in  table  1  shows  but  little  apparent  retardation  in  the  growth 
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in  weight  of  the  gonads  of  the  latter  (average  weight  in  two  con- 
trols, 0.0053  gram;  in  three  test  rats,  0.0046  gram).  Although 
the  test  rats  were  kept  on  total  inanition  for  forty-eight  to  fifty 
hours,  the  testes  have  evidently  maintained  nearly  normal 
growth,  although  the  body  weight  has  decreased  21  to  25  per 
cent. 

The  remarkably  persistent  growth  of  the  testes  in  the  starved 
rats  is  especially  evident  upon  comparison  with  the  newborn 
of  the  same  litter  (Si  1.4).  The  starved  rats  have  decreased  in 
body  weight  until  they,  although  four  days  old,  are  about  20 
per  cent  below  the  normal  newborn.  The  testes,  however,  show 
a  large  increase  in  weight  (in  spite  of  the  total  inanition).  The 
change  in  weight  from  0.0029  to  an  average  of  0.0046  grams 
represents  an  increase  of  59  per  cent.  This  is  in  general  agree- 
ment with  the  results  of  Stewart  ('18),  who  foimd  that  in  rats 
kept  at  maintenance  (constant  body  weight)  by  underfeeding 
from  birth  to  (average)  sixteen  days  the  testis  apparently 
increased  about  374  per  cent  in  weight.  The  smaller  increase  in 
the  testes  of  my  starved  rats  is  probably  due  to  the  greater 
severity  and  shorter  duration  of  the  inanition. 

My  measurements  indicate  that  this  increase  of  59  per  cent 
in  the  weight  of  the  testes  is  due  almost  entirely  to  the  increased 
number  of  tubules  seen  in  a  section.  The  size  of  the  tubules 
has  remained  about  the  same.  There  has  perhaps  been  some 
retardation  of  the  normal  growth  in  size  of  the  tubules.  The 
normal  testis  at  four  days  shows  an  average  tubular  diameter  of 
41.7/i,  while  the  average  diameter  of  the  tubules  in  group  II 
is  only  38.4/*.  This  small  difference,  however,  is  of  doubtful 
significance. 

All  three  of  the  starved  yoimg  rats  (Si  1.1,  Si  2.3,  Si  2.6)  show 
practically  the  same  histological  structure  in  the  testis.  The 
tubules  are  close  together  and  more  numerous  than  in  the  new- 
bom,  although  there  are  relatively  few  in  the  center  of  the 
section.  Cell  differentiation  has  not  progressed  much  beyond 
that  foimd  in  the  newborn.  Each  tubule  presents  the  single 
layer  of  parietal  cells.  These  cells  are  all  alike  and  contain  large 
nuclei,  with  very  little  chromatin  material,  surrounded  by  a 
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narrow  strip  of  clear  cytoplasm.  The  central  cells  ('Ursamen- 
zellen'  of  v.  Ebner)  like  those  already  described  in  the  normal 
testis  are  also  still  present.  There  are  very  few  mitotic  figures 
either  among  the  parietal  cells  or  the  central  cells  (fig.  8).  Sec- 
tions (stained  with  iron-alum  haematoxylin)  of  the  testes  of 
controls  show  many  mitotic  figures  in  each  field  (figs.  1  and  2). 
This  decrease  in  the  number  of  karyokinetic  figures  is  probably 
due  to  the  condition  of  inanition.  In  general,  the  histological 
picture  shows  that  the  testis  has  advanced  to  the  stage  wh«i 
type  A  cells  are  begiiming  to  appear.  Thus  the  stage  of  differ- 
entiation is  somewhat  beyond  that  corresponding  to  the  normal 
at  similar  body  weight,  but  behind  that  corresponding  to  the 
age  or  actual  testis  weight.  The  increase  in  the  (apparent) 
number  of  tubules  evidently  accoimts  for  the  increase  in  the  size 
(weight)  of  the  testis. 

Swingle  ('18)  similarly  foimd  that  total  starvation  inhibits 
the  growth  and  metamorphosis  of  Rana  pipiens  larvae.  Sper- 
matogenesis ceases  and  sex  differentiation  is  prevented. 

3.  Changes  in  rats  held  at  maintenance  by  underfeeding  from 
three  to  ten  weeks  of  age  (group  III) 

In  the  five  rats  of  this  group  held  nearly  at  constant  body 
weight  by  underfeeding  from  three  to  about  ten  weeks  of  age, 
the  testes,  though  below  normal  weight  for  that  age,  have  been 
retarded  in  their  growth  far  less  than  has  the  body  weight.  Thus 
on  comparing  the  average  data  for  group  III  (table  1)  with  the 
normal  control  at  three  weeks  (Si  6.0)  it  appears  that  the  body 
weight  has  increased  from  20.6  grams  to  26.9  grams,  an  increase 
of  abbut  31  per  cent;  while  the  testes  have  increased  from  0.092O 
gram  to  an  average  of  0.1955  gram,  an  increase  of  about  113 
per  cent.  This  would  indicate  a  relative  growth  for  the  testis 
even  greater  than  that  (+34  per  cent)  found  by  Jackson  ('15  a) 
under  similar  conditions.  Individual  variations  in  the  control 
or  test  rats  probably  account  for  the  difference. 

The  size  of  the  tubules  in  group  III  has  apparently  increased 
from  an  average  diameter  of  99.7/i  (normal  at  three  weeks  of 
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age)  to  an  average  diameter  of  llO/i.  This  increase  in  diameter 
(though  of  doubtful  significance)  would  indicate  that  the  increase 
in  the  weight  of  the  testes  is  due  in  part  to  the  increase  in  the 
diameter  of  the  tubules. 

With  the  exception  of  one  rat  (S  11.65),  which  will  be  men- 
tioned later,  the  testes  in  this  group  all  present  the  same  micro- 
scopic picture  (fig.  9).  The  tubules  are  placed  close  together. 
Lumina  are  just  beginning  to  appear,  although  most  of  the 
tubules  still  show  no  central  lumen.  No  spermatozoa  or  sperma- 
tids are  present.  There  is  no  evidence  to  indicate  that  they  had 
ever  been  developed  and  had  undergone  necrosis.  A  few  second- 
ary spermatocjrtes  can  be  seen,  but  they  are  abnormal  in  structure. 

Almost  every  primary  spermatocyte  also  shows  some  degenera- 
tive changes.  The  cytoplasm  becomes  coarsely  granular  and 
contains  clumps  of  basophilic  staining  material.  Other  cells  show 
a  fatty  (?)  degeneration  or  vacuolization  of  the  cytoplasm  (a 
positive  statement  cannot  be  made,  as  material  stained  for  fat 
was  not  available).  The  nuclei  degenerating  by  a  process  of 
karyorrhexis  may  give  rise  to  the  basophilic  granules  present  in 
the  cytoplasm  of  so  many  spermatocytes.  The  pycnotic  nuclei 
are  very  abimdant  and,  with  progressive  necrobiosis,  appear 
gradually  to  lose  their  staining  capacity,  terminating  in  karyo- 
lysis.  The  cytoplasm  also  progressively  loses  its  staining 
capacity  and  gradually  disappears. 

The  spermatogonia,  however,  appear  nearly  normal.  The 
Sertoli  cells  are  increased  in  number,  but  show  no  structural 
changes.  The  tubules  are  filled  with  a  structure  resembling  the 
'degeneration  reticulum'  described  by  Kuntz  ('20)  in  the  testis 
after  division  of  the  nerves.  This  appears  to  me  to  be  due  largely 
to  the  Sertoli  sjmcytium  which  becomes  visible  in  direct  ratio 
to  the  number  of  other  cells  which  are  being  destroyed.  Allen 
('19)  pointed  out  that  in  normal  tubules  the  Sertoli  syncytium 
is  hard  to  see  on  account  of  the  closely  packed  germ  cells.  As 
a  result  of  experimental  conditions,  the  S3nicytium  is  made  more 
prominent  by  the  removal  of  the  germ  cells  which  normally 
obscure  it. 
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There  are  present  in  all  cases  many  multinucleated  or  giant- 
cells.  These  cells  are  situated  in  the  center  of  the  lumen,  and 
each  tubule  usually  presents  one  or  two  of  them.  Each  cell  may 
contain  from  two  to  four  nuclei,  all  showing  some  degenerative 
changes.  Multinucleated  cells  appear  to  be  very  characteristic 
of  the  degenerative  process  in  the  testis.  To  a  certain  extent, 
the  degree  of  severity  of  the  starvation  can  be  measured  by  the 
size  of  these  cells  and  the  number  of  nuclei  they  contain.  For 
example,  absolute  inanition  for  nine  days  (in  the  adult)  produces 
giant-cells  containing  as  high  as  twelve  to  fifteen  nuclei,  while 
in  the  slower  chronic  inanition  in  the  present  group,  the  niraiber 
is  reduced  to  three  or  four  nuclei. 

One  other  important  fact,  which  is  strikingly  illustrated  in 
these  sections,  is  the  remarkable  persistence  of  mitotic  figures 
in  the  spermatogonia  and  primary  spermatocytes.  In  rats  which 
have  been  kept  at  constant  body  weight  by  underfeeding  for 
seven  weeks,  the  number  and  structure  of  the  mitotic  figures  is 
apparently  normal  as  compared  with  control  rats  (from  three  to 
four  weeks).  This  fact  is  in  agreement  with  the  observations  by 
many  investigators  (mentioned  later)  who  have  reported  the 
presence  of  mitotic  figures  after  prolonged  chronic  inanition. 
This  mitosis  is  doubtless  correlated  with  the  persistent  growth  of 
the  testis  in  the  underfed  yoimg  rats  under  these  conditions,  the 
new  cells  formed  being  in  excess  of  those  destroyed  by  degener- 
ation. 

My  study  of  this  group  of  albino  rats  kept  at  maintenance  by 
underfeeding  from  three  to  ten  weeks  leads  to  the  following 
conclusions:  First,  the  chronic  inanition  prevents  the  testis  from 
reaching  the  stage  of  spermatogenesis  normal  for  the  correspond- 
ing age.  Second,  in  spite  of  the  persistent  mitosis  and  increased 
size  of  the  testis,  the  process  of  spermatogenesis  remains  at  the 
stage  where  spermatocytes  are  produced,  corresponding  to  the 
normal  stage  at  the  age  of  three  or  four  weeks.  The  growth 
capacity  of  the  testis  imder  these  conditions  of  subnormal  nutri- 
tion is  apparently  sufficient  only  to  produce  primary  spennato- 
cjiies  from  the  spermatogonia.  Third,  the  spermatocjrtes  degen- 
erate and  are  absorbed,  though  not  so  rapidly  as  they  are  formed. 
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The  excess  of  production  over  destruction  partly  accounts  for 
the  continued  growth  in  wei^t  of  the  testis.  Fourth,  the  inter- 
stitial tissue  is  apparently  unchanged  and  resembles  in  quantity 
and  structure  the  tissue  present  in  a  normal  r^t  at  the  age  of 
three  or  four  weeks. 

In  one  rat  (S  11  ♦BS,  fig.  10)  in  this  group,  the  testis  shows  such 
remarkable  changes  that  it  seems  advisable  to  describe  it  sepa- 
rately. This  was  the  left  testis  (indicated  by  (L)  in  table  1), 
which  was  markedly  atrophic,  weighing  only  0.0496  gram.  All 
the  tubules  show  degenerative  processes.  Many  contain  no 
cells  whatever.  The  lumina  are  filled  with  the  characteristic^ 
'degeneration  reticulum,'  and  some  have  large  vacuoles  in  their 
centers.    Pycnosis,  karyorrhexis,  and  karyolysis  are  prevalent. 

A  few  of  the  seminiferous  tubules  in  this  case  show  a  type  of 
degeneration  which  differs  entirely  from  any  other  thus  far 
described.  All  the  nuclei  in  every  cell  in  the  tubule  gradually 
and  almost  imiformly  lose  their  basophihc  staining  capacity  and 
become  acidophilic,  taking  the  red  counterstains.  At  the  same 
time  the  cytoplasm  of  all  the  cells  fuses  together  and  becomes 
homogeneous  in  appearance.  So  that  the  entire  cjrtoplasm  in 
the  tubules  finally  becomes  one  single  mass,  resembling  very 
closely  the  homogeneous  mass  of  necrotic  tissue  seen  in  an  infarct. 
This  mass  apparently  undergoes  a  process  of  autolysis,  and 
vacuoles  later  replace  the  cytoplasmic  substance.  This  process 
continues  imtil  finally  the  structure  disintegrates  and  the  position 
of  the  tubule  is  indicated  by  only  the  membrana  propria.  In 
spite  of  this  necrosis  in  the  tubules^  the  intertubular  tissue  shows 
no  marked  degenerative  changes.  However,  a  very  irregularly 
distributed  moderate  hyperplasia  of  the  interstitial  cells  is  appar- 
ent (fig.  14,  D).  While  not  the  typical  picture  produced  by  the 
chronic  inanition  in  group  III,  this  condition  evidently  corre- 
sponds to  the  advanced  degenerative  process  in  an  extreme  case. 

4.  Changes  in  young  rats  retarded  by  underfeeding  for  long 
periods  beginning  at  three  weeks  of  age  (group  IV) 

In  the  three  rats  imderfed  from  three  weeks  to  223  to  428 
dayE  of  age  (table  1)  the  body  has  approximately  doubled  in 
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weight,  whereas  normally  it  should  have  increased  to  about 
twelve  times  the  initial  weight.  The  testes  are  likewise  of  com-se 
far  below  norm  for  the  corresponding  age,  though  apparently 
considerably  above  the  norm  for  the  younger  rats  of  similar  body 
weight  (rats  Si  10  and  Si  11;  also  Donaldson's  Wistar  norm). 
Stewart  ('18),  however,  concluded  that  in  rats  imderfed  begin- 
ning at  three  weeks  of  age  so  as  to  reach  only  about  50  grams  in 
body  weight  at  412  days  of  age  the  testes  average  42  per  cent 
below  normal  (for  corresponding  body  weight).  It  is  evident 
that  the  changes  in  the  weight  of  the  testis  are  extremely  variable, 
so  it  is  imsafe  to  draw  general  conclusions  from  only  a  few  cases. 

Judging  from  the  size  of  the  tubules  in  normal  testes  of  similar 
weight,  the  tubules  in  group  IV  should  average  above  200m 
in  diameter.  As  Shown  in  table  1,  however,  in  three  of  the  four 
cases  the  tubules  appear  subnormal  (90  to  120/*)  in  diameter. 

Microscopic  sections  (stained  with  haematoxylin  and  eosin) 
of  the  testis  show  that  the  size  of  the  tubules  in  these  rats  long 
imderfed  has  considerably  decreased.  The  number  of  tubules 
has  also  decreased  and  they  have  become  widely  separated  (fig. 
11),  due  in  part  to  the  accumulation  of  fluid  in  the  interstitial 
spaces  (edematous  infiltration).  No  mature  spermatozoa  or  . 
spermatids  appear,  although  they  are  present  in  normal  rats  of 
corresponding  body  or  testis  weight.  Spermatogenesis  here  (as 
in  group  III)  has  apparently  not  passed  the  primary  spermato- 
cyte stage.  Most  of  the  tubules  contain  three  to  four  layers  of 
cells,  composed  of  spermatocytes  and  spermatogonia.  The 
former  show  the  most  profound  changes.  Some  appear  as 
shadows  without  any  nucleus  or  cytoplasm.  Others  have 
pycnotic  nuclei  and  a  homogeneous  cytoplasm.  Multinucleated 
giant-cells  are  present  and  the  nuclei  in  these  cells  show  pycnotic 
changes.  Many  spermatogonia  and  all  the  Sertoli  cells  appear 
normal.  Mitotic  figures  are  still  present.  Apparently  some 
vascular  changes  have  taken  place.  There  is  a  slight  sclerosis 
in  the  walls  of  the  blood-vessels  and  also  (apparently)  a  reduced 
blood-supply  to  the  tubules.  There  is  not  any  noticeable  increase 
in  the  quantity  of  interstitial  tissue  (proper)  (fig.  14,  E)  or  any 
appreciable  change  in  the  structure  of  the  interstitial  cells,  but 
the  quantity  of  interstitial  fluid  has  enormously  increased. 
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Since  all  three  rats  (St  44.1,  St  44.4  and  St  44.7)  show  the 
same  histological  structure,  the  question  of  individual  variation 
may  be  excluded.  So  that  it  appears  that  the  'growth  tendency' 
so  strongly  manifested  in  the  testis  during  inanition  in  young 
animals  is  confined  to  the  formation  of  the  earlier  cells  in  the 
spermatogenetic  cycle;  that  is,  the  process  c6hi  go  only  to  the 
spermatocyte  stage.  This  is  probably  what  happened  in  the 
case  of  the  rats  in  group  III,  as  before  mentioned. 

In  one  rat  (M  29.109)  inanition  was  started  at  ten  weeks  of 
age  after  the  testis  had  presumably  reached  the  stage  when 
mature  spermatozoa  are  produced.  Even  though  kept  at  main- 
tenance (constant  body  weight)  by  extreme  underfeeding  for 
244  days,  this  testis  shows  the  following  histological  structure. 
Most  of  th6  tubules  are  normal  in  structure  and  size  and  show 
well-developed  spermatozoa.  However,  many  lumina  are  filled 
with  a  d6bris  made  up  almost  entirely  of  heads  and  tails  of 
spermatozoa.  A  few  tubules  show  a  slight  desquamation  process, 
but  this  is  not  distributed  evenly  among  the  tubules  and  is 
probably  of  no  importance.  Aside  from  this,  the  structure  of  the 
testis  is  apparently  normal.  Mitotic  figures  are  present  and  all 
the  various  stages  of  spermatogenesis  can  be  followed  out.  The 
conditions  in  this  case  emphasize  the  importance  of  the  age 
factor.  It  indicates  that  if  the  testis  has  reached  sexual  maturity 
before  experimental  inanition,  the  effect  upon  spermatogenesis 
is  much  less  marked  than  in  cases  where  the  imderfeeding  is 
begun  at  an  earlier  period,  although  the  further  growth  of  the 
testis  (in  weight)  may  be  hindered.  No  final  conclusions  can 
be  drawn  from  this  one  rat,  however,  although  the  results  are 
in  agreement  with  the  conclusions  of  Jackson  and  Stewart  ('20) 
as  to  the  importance  of  the  age  at  which  the  inanition  begins. 

5.  Changes  in  advU  rats  after  acute  inanition  (group  V) 

As  shown  in  table  1  (group  V),  adult  rats  were  subjected  to 
acute  inanition  for  periods  varying  from  nine  to  twelve  days. 
The  loss  in  body  weight  varies  from  30  to  47  per  cent.  The 
testes  also  apparently  lose  a  great  deal  in  weight,  but  the  exact 
amount  can  of  course  be  only  roughly  estimated.    The  test  rats 
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at  the  beginning  of  the  experiment  varied  in  body  weight  from 
216  to  328  grams.  According  to  the  Wistar  norm  tables  com- 
piled by  Donaldson  ('15),  these  body  weights  call  for  from  2.5 
to  2.8  grams  of  testis.  A  comparison  with  the  figures  in  table 
1  shows  that  at  autopsy  the  testes  in  weight  varied  from  1.468 
to  2.43  grams,  indicating  considerable  loss  in  weight.  The 
average  diameter  of  the  tubules  has  correspondingly  decreased 
from  over  300/i  to  an  average  of  221. 5iu.  Jackson  ('15)  foun4 
that  the  loss  in  weight  of  the  testis  of  adult  rats  during  acute 
inanition  is  nearly  proportional  to  that  of  the  whole  body.  This 
agrees  in  general  with  the  results  obtained  by  Falck  ('54),  Voit 
('66),  Manassein  ('68),  and  Gerhartz  ('09).  An  atrophy  of  the 
testis  relatively  much  greater  than  the  decrease  in  body  weight 
during  inanition  was  noted  in  birds  by  Grandis  ('89),  and  (during 
vitamine  deficiency)  by  McCarrison  ('19)  and  Dutcher  ('20).  A 
similar  result  in  rats  on  Upoid-free  diet  was  noted  by  Hatai  ('15). 
In  one  rat  (Si  9)  which  was  held  for  eleven  days  without  food 
or  water,  the  testis  had  shrunken  away  from  the  tunica  albuginea 
and  had  decreased  considerably  in  size.  This  was,  however,  not 
apparent  upon  removing  the  organ  at  autopsy,  because  the  inter- 
vening space  was  filled  with  a  fluid,  which  kept  the  txmic  dis- 
tended and  gave  it  a  normal  rounded  appearance.  This  phenom- 
enon has  likewise  been  noted  by  Allen  ('19)  in  his  study  of  rats 
subjected  t9  a  diet  deficient  in  the  water-soluble  vitamines. 

At  first  glance,  the  sections  of  the  testes  in  this  group  appear 
perfectly  normal  in  structure.  The  majority  of  the  tubules  are 
apparently  normal  in  shape  and  show  no  signs  of  degeneration, 
as  was  likewise  noted  by  Simonowitsch  ('96).  Spermatogenesis 
appears  to  be  going  on  as  usual.  Spermatozoa  are  abundant 
and  show  no  alteration  in  structure.  There  is  no  apparent 
change  in  the  amount  or  structure  of  the  interstitial  tissue. 

However,  more  careful  study  shows  that  in  each  section  a 
few  tubules  have  suffered  as  a  result  of  the  inanition.  These 
tubules,  though  few  in  number  and  placed  in  immediate  relation- 
ship with  perfectly  normal  tubules,  may  show  very  marked  and 
very  severe  changes  (fig.  12).  The  spermatozoa  are  irregular  in 
structure  and  show  extreme  degenerative  processes.    The  sper- 
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matids  may  present  a  picture  which  strongly  suggests  a  true 
sjmizesis.  This  peculiar  clumping  of  the  chromatin  toward  the 
periphery  and  toward  one  side  of  the  nucleus  has  been  described 
by  Monterosso  ('12)  as  a  form  of  degeneration.  But  I  have 
observed  "this  same  structure  in  almost  everyone  of  my  control 
rats,  and  believe  that  we  are  dealing  here  rather  with  a  rearrange- 
ment of  the  chromatin  material  in  the  normal  cytomorphosis 
of  the  cell. 

The  secondary  and  primary  spermatocytes  show  marked 
necrobiotic  changes.  Even  the  spermatogonia  are  involved  and 
reveal  pycnotic  and  karyolytic  changes  in  the  nuclei.  The 
Sertoli  cells  are  apparently  the  only  ones  not  severely  injured. 

Depending  on  the  stage  of  degeneration,  large  numbers  of 
multinucleated  giant-cells  are  present  in  the  tubules.  These 
cells  each  contain  from  four  or  five  nuclei  up  to  as  many  as 
twelve  or  fifteen  nuclei.  Some  tubules  are  so  atrophic  and 
degenerated  that  only  the  membrana  propria  remains,  with  a 
few  necrotic  giant-cells  in  the  lumina.  These  giant-cells  were 
carefully  studied  with  special  reference  to  their  origin.  Appar- 
ently they  are  derived  from  primary  spermatocytes,  which  fuse 
together  in  groups  during  their  desquamation.  These  cells  will 
be  referred  to  again  at  a  later  period. 

Desquamation  of  the  epithelial  cells  in  these  degenerating 
tubules  is  very  common  and  apparently  initiates  the  process  of 
degeneration.  This  process  appears  to  start  with  the  secondary 
spermatocytes,  but  as  the  sloughing  process  continues  the  pri- 
mary spermatocytes  and  even  the  spermatogonia  are  detached 
into  the  degenerating  mass  in  the  lumen  of  the  tubule.  Degen- 
eration takes  place  in  every  case  after  desquamation  has  occurred. 
This  degeneration  apparently  is  also  always  in  inverse  order  to 
that  of  spermatogenesis.  The  spermatozoa  are  the  first  to 
disappear,  then  the  spermatids,  followed  by  the  spermatocytes 
and  spermatogonia.  The  Sertoli  cells  are  the  most  resistant. 
This  agrees  with  the  results  obtained  by  Monterosso  (in  starved 
rats),  Bouin  and  Gamier  (in  alcoholized  rats),  and  Regaud  and 
Toumade  (after  Hgation  of  the  spermatic  cord).  Allen  ('19) 
states  that  (in  degeneration  due  to  vitamine  deficiency)  "the 
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spermatocytes  seem  to  be  the  first  affected,  the  spermatids 
next,  and  the  spennatogonia  last." 

It  therefore  appears  that  acute  manition  notably  affects  but 
comparatively  few  tubules  in  the  testis,  and  that  the  other  tubules 
retain  their  normal  structure,  but  all  the  tubules  suffer  a  loss  in 
size.  In  spite  of  a  loss  of  about  one-third  in  the  weight  of  the 
testis,  spermatogenesis  apparently  continues  normally  in  most 
of  the  tubules.  But  the  few  tubules  which  for  some  imexplain- 
able  reason  are  less  resistant  show  atrophic  and  necrotic  changes 
which  are  as  marked  as  any  f  oimd  in  chronic  inanition. 

Likewise,  atrophic  and  degenerative  changes  in  the  seminifer- 
ous epitheUum  during  inanition  have  been  described  by  Grandis 
('89)  in  pigeons,  Pemice  and  Scagliosi  ('95)  in  chickens,  Simono- 
witsch  ('96)  in  rabbits  and  guinea-pigs,  Loisel  ('01)  in  the  dog, 
Monterosso  ('12)  in  rat  and  mouse,  and  Poiarkoff  ('13)  in  the 
dog.  Similar  changes  have  been  described  as  a  result  of  vitamine 
deficiency  by  McCarrison  ('19)  in  pigeons  and  Allen  ('19)  in 
rats. 

The  extent  of  the  degenerative  changes  naturally  varies  in 
general  with  the  severity  of  the  inanition.  In  the  adult  rabbit, 
Traina  ('04)  found  that  spermatogenesis  ceases  when  the  loss  in 
body  weight  reaches  about  30  per  cent. 

There  is  also  a  variation  according  to  species,  season,  etc. 
At  certain  periods  the  testis  dining  inanition  may  even  continue 
to  develop  at  the  expense  of  the  remainder  of  the  body  in  the 
salmon  (Miescher,  '97)  and  frog  (Nussbaum,  '06). 

6.  Changes  in  rats  refed  after  underfeeding,  beginning  at  three 
weeks  of  age  and  extending  for  various  periods  (group  VI) 

In  one  rat  (St  12.53)  refed  for  three  and  one-half  days  (table 
1),  the  ref ceding  period  was  too  short  to  produce  any  definite 
results.  There  is  apparently  already  some  increase  in  the  total 
body  weight,  but  very  little,  if  any,  in  the  testis.  Sections  show 
no  definite  change  from  the  appearance  of  the  testes  in  group 
IV.  The  primary  spermatocytes  still  show  necrotic  changes  and 
there  is  no  advance  in  the  stage  of  spermatogenesis.    The 
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average  diameter  of  the  tubules  (98.7m)  is  slightly  below  that  in 
rat  S  7.32,  with  similar  testis  weight. 

In  another  rat  (St  10.26),  refed  for  fourteen  days  after  main- 
tenance by  imderfeeding  from  twenty-one  to  seventy-two  days, 
many  improvements  have  taken  place.  The  body  weight  has 
increased  from  around  30  to  86.3  grams,  but  there  is  no  great 
increase  in  the  weight  of  the  testes.  The  reason  for  this  becomes 
more  evident  upon  histological  study.  Sections  (stained-  with 
iron  haematoxylin)  show  no  increase  in  the  number  and  but 
slight  increase  in  the  diameter  of  the  tubules,  compared  with 
those  of  group  III.  But  all  the  debris  has  been  removed  and  no 
degenerating  cells  are  to  be  seen  (fig.  13).  No  secondary  sper- 
matocytes are  present.  The  interstitial  cells  and  their  .nucM 
appear  normal  (but  increased  in  size).  They  are,  however, 
definitely  increased  in  number  above  normal.  They  are  evenly 
distributed  throughout  the  testis,  in  this  way  differing  from  the 
condition  found  by  Allen  ('19)  in  the  rats  of  Osborne  and  Mendel 
subjected  to  a  diet  deficient  in  the  water-soluble  vitamines. 
There  are  numerous  mitotic  figures  among  the  spermatocytes 
and  spermatogonia,  showing  ^11  the  stages  of  the  karyokinetic 
cycle.  The  blood-vessels  are  distended  with  blood.  It  would 
appear  that  all  the  energy  in  the  testis  has  been  utilized  to 
'clean  up'  the  waste  material  and  to  prepare  for  a  further  advance. 
This  may  account  to  some  extent  for  the  lack  of  increase  in  the 
weight  of  the  testis. 

In  the  rat  (S  12.52)  which  was  refed  for  thirty-seven  days, 
the  weight  of  the  testis  has  greatly  increased  and  histological 
study  shows  that  spermatogenesis  is  going  on  normally.  The 
tubules  are  normal  in  structure  and  contain  many  mature  sperma- 
tozoa. The  average  diameter  of  the  tubules  has,  however, 
increased  to  222.7m,  accounting  for  the  increase  in  weight.  The 
only  difference  to  be  foimd  (as  compared  with  normal  control 
testes)  is  an  increase  in  the  amoimt  of  interstitial  tissue  (fig. 
14,  F). 

We  must  distinguish  between  interstitial  tissue  and  interstitial 
cells.  The  former  term  applies  to  all  tissues  outside  of  the 
tubules  proper;  the  latter  (interstitial  cells)  refers  only  to  the 
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specific  cells  playing  a  part  in  the  internal  secretion  of  the  testes. 
In  reahty,  there  is  not  so  much  a  general  hypertrophy  of  the 
interstitial  tissue,  but  rather  a  hyperplasia  of  the  interstitial 
cells  proper.  There  is  a  marked  increase  in  the  niunber  of  these 
cells  and  a  slight  increase  in  their  size.  They  assume  a  more  or 
less  cord-like  arrangement.  The  nuclei  of  the  cells  are  spherical 
and  rather  vesicular,  although  a  few  cliunps  of  chromatin  are 
always  present  close  to  the  periphery.  A  hght  granular  cyto- 
plasm surrounds  the  nuclei.  After  the  very  young  stages  (one 
to  seven  days),  mitosis  among  these  cells  has  never  been  observed. 
One  possible  explanation  which  may  be  offered  is  that  mitosis 
in  these  cells  takes  place  very  rapidly,  so  that,  although  cell 
division  occurs,  it  is  rarely  found  in  the  sections. 

The  fourth  rat  in  this  group  (S  33.118),  refed  for  206  days, 
has  completely  recovered  from  the  eflfects  of  the  underfeeding  and 
presents  a  perfectly  normal  adult  histological  structure.  The 
diameter  of  the  tubules  shows  an  increase  of  291.1m.  Even  the 
interstitial  tissue  and  cells  appear  normal  in  quantity  and 
structure. 

These  results  are  in  accord  with  the  work  of  Stewart  ('15), 
who  found  that  in  rats  refed  after  underfeeding  from  three  to 
twelve  weeks  of  age,  the  testes  remain  somewhat  below  normal 
weight  for  a  few  weeks,  but  regain  normal  weight  before  the  adult 
stage  is  reached.  In  later  experiments  (Stewart,  48),  in  which 
the  underfeeding  was  prolonged,  the  testis  became  markedly 
subnormal  in  weight  (as  found  by  Jackson,  '15  a).  Jackson  and 
Stewart  ('19)  reported  that  the  testis,  which  increases  in  relative 
weight  in  young  rats  during  underfeeding,  remains  somewhat 
above  normal  weight  during  refeeding  to  a  body  weight  25  to 
50  grams,  but  is  subnormal  in  those  refed  to  75  grams  body 
weight.  Finally,  Jackson  and  Stewart  ('20)  found  that  when  the 
underfed  rats  are  fully  refed  to  maximimi  body  weight,  the 
testes  are  definitely  above  normal  for  the  corresponding  body 
weight.  A  restoration  of  the  testis  to  normal  structure  and 
function  upon  refeeding  after  inanition  has  likewise  been  noted 
by  Simonowitsch  ('96)  in  rabbits  and  guinea-pigs,  and  by  Loisel 
('01)  and  PoiarkoflF  ('13)  in  dogs. 
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DISCUSSION 

1.  Origin  and  significance  of  polynvdeated  giant  cells 

It  has  been  claimed  by  some  authors  that  giant-cells  may 
occur  normally  in  the  testis.  I  have  never  seen  either  a  poly- 
nucleated  or  a  giant-cell  in  a  normal  seminiferous  tubule.  Mon- 
terosso  (^12)  fotmd  that  these  cells  are  very  rare  in  normal  tubules, 
but  occur  more  frequently  during  early  inaniticm.  He  found 
that  their  number  increases  with  the  length  of  inanition,  and  that 
as  many  as  fifteen  nuclei  might  be  seen  in  a  single  cell.  He 
believes  that  they  are  formed  by  a  fusion  of  the  neighboring 
cells. 

On  the  other  hand,  Bouin  and  Garnier  ('00)  believe  that  these 
cells  are  formed  by  an  abnormal  mitosis  of  the  nuclei  within  the 
cell.  Allen  ('19)  noticed  these  cells  during  the  early  stages  of 
degeneration,  but  oflfered  no  explanation  as  to  their  origin. 

My  studies  lead  me  to  believe  that  the  multinucleated  cell 
is  formed  by  a  fusion  of  primary  spermatocyte  cells  when  they 
begin  to  degenerate.  As  a  rule,  these  cells  show  marked  nu(jlear 
and  cytoplasmic  degenerative  changes  later  than  those  cells 
which  break  off  independently  and  do  not  fuse  with  other  cells. 
This  suggests  that  fusion  of  cells  may  be  a  sort  of  protective 
measure  from  the  effects  of  the  inanition.  De  Bruyne  ('99), 
however,  claims  that  these  polynuclear  cells  are  precursors  of 
degeneration.  No  mitotic  figures  have  ever  been  observed  in 
any  polynucleated  giant-cell. 

2.  Mitosis  during  inanition 

As  to  the  occurrence  of  mitosis  during  inanition,  my  own  obser- 
vations agree  in. general  with  those  of  Morpurgo  ('88,  '89), 
Grandis  C89),  Traina  ('04),  and  others.  Traina,  for  instance, 
found  that  mitotic  figures  persist  after  a  loss  in  body  weight  of 
30  to  35  per  cent.  On  the  other  hand,  Pemice  and  Scagliosi 
('95),  in  young  chickens  on  water  inanition,  and  Morgulis,  Howe, 
and  Hawk  ('15),  in  fasting  dogs,  reported  an  absence  of  mitosis 
in  the  testis.    In  my  adult  rats  subjected  to  acute  inanition 
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(S  25,  S  26,  S  27),  with  loss  in  body  weight  of  30,  35,  and  39 
per  cent,  mitotic  figures  are  still  present  in  large  numbers. 
Another  rat  (Si  9),  with  loss  in  body  weight  of  47  per  cent,  still 
shows  niunerous  mitotic  figures.  They  are  present  even  in 
tubules  showing  extreme  degenerative  changes.  In  young  rats 
underfed  from  the  age  three  to  ten  weeks,  mitosis  is  apparently 
unaffected.  Even  in  those  animals  in  which  the  underfeeding 
was  continued  to  400  days  or  more,  the  mitotic  figures  can  be 
seen  in  many  of  the  tubules.  It  would  therefore  appear  justifi- 
able to  conclude  that  it  is  impossible  by  inanition  to  suppress 
mitosis  entirely  in  the  epitheliimi  of  the  seminiferous  tubule. 
The  mitoses,  however,  may  be  decreased  in  niunber,  as  found  in 
the  rats  two  days  old  subjected  to  acute  inanition. 

The  presence  or  absence  of  amitosis  in  the  testis  has  long 
been  a  disputed  question.  Monterosso  ('12)  found  amitosis 
present  among  degenerating  spermatocytes  and  spermatogonia. 
Allen  ('18,  '19)  believes  that  amitosis  does  not  occur.  I  have 
likewise  never  seen  a  definite  case  of  amitosis  in  any  of  my 
sections. 

5.  Interstitial  tissue  during  inanition 

Some  investigators  mention  the  increased,  qu£^ntity  of  inter- 
stitial tissue,  which  is  occasioned  by  any  degeneration  or  atrophy 
of  the  seminiferous  epithelimn.  Cordes  ('98)  foimd  an  increase 
in  interstitial  tissue  in  cases  of  chronic  disease  with  cachexia. 
Kyrle  ('10)  and  Voss  ('13)  pointed  out  that  in  diseased  conditions 
and  in  imderdeveloped  testes,  the  tubules  are  far  apart  and  the 
interstitial  tissue  surpasses  the  tubules  m  amount.  Allen  ('19) 
also  foimd  an  increase  in  the  quantity  of  interstitial  tissue  in 
rats  fed  upon  a  diet  deficient  in  water-soluble  vitamines. 

In  my  own  series  of  albino  rats,  there  appears  in  no  case  any 
demonstrable  increase  in  interstitial  tissue  during  either  acute 
or  chronic  inanition.  However,  in  those  rats  which  were  refed 
after  various  periods  of  underfeeding  (group  VI),  there  is  a 
gradual  increase  in  the  relative  amotmt  of  interstitial  tissue 
(interstitial  cells)  until  the  gland  regains  its  normal  size  and 
structure.    Thereafter,    the   interstitial   tissue   apparently   de- 
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creases  in  amount  until  it  reaches  the  normal  proportion.  That 
is,  the  interstitial  cells  appear  relatively  increased  in  nimiber 
only  during  the  regenerative  period. 

Measiu'ements  of  the  nuclei  of  interstitial  cells  indicate  that 
there  is  a  sharp  decrease  in  the  average  diameter  of  the  nucleus 
from  7.1m  at  birth  to  4.7/*  at  three  weeks  of  age.  From  the 
three-weeks  stage  there  is  very  little  change  in  the  size  of  the 
nucleus.  Comparison  with  the  test  groups  indicates  that  the 
size  of  the  nucleus  of  the  interstitial  cells  is  not  affected  to  any 
marked  degree  by  the  inanition  tests.  In  group  III,  two  of  the 
three  specimens  measured  show  a  decreased  average  diameter  of 
the  nucleus  (in  tmderfeeding  from  five  to  ten  weeks  of  age); 
and  in  group  VI,  it  would  appear  that  refeeding  causes  some 
increase  in  the  size  of  the  nucleus,  in  addition  to  the  nimierical 
increase  already  noted.  There  is  considerable  individual  vari- 
ation, however,  and  the  niunber  of  observations  is  insufficient 
to  warrant  final  conclusions. 

SUMMARY 

The  results  of  the  present  investigation  may  be  summarized 
as  follows: 

1.  In  the  normal  testis  of  the  albino  rat  dining  the  first  post- 
natal week  the  (solid)  seminiferous  tubules  consist  of  a  single 
layer  of  parietal  cells  ('SertoU  cells'  of  v.  Ebner)  and  a  few  central 
cells  ('Ursamenzellen'  of  v.  Ebner).  After  the  first  week,  the 
normal  postnatal  development  of  the  testis  and  the  process  of 
spermatogenesis  proceed  essentially  as  described  by  Allen  ('18). 

2.  In  rats  two  days  old  starved  for  forty-eight  to  fifty  hours, 
the  testis  increases  markedly  in  weight,  but  mitoses  are  reduced 
in  number  and  the  normal  process  of  histological  differentiation 
is  arrested.  The  seminiferous  tubules  remain  nearly  normal  in 
diameter. 

3.  During  underfeeding  for  various  periods  beginning  in  rats 
three  weeks  old,  mitosis  continues  in  the  cells  of  the  seminiferous 
tubules,  but  the  process  of  spermatogenesis  is  arrested  at  the 
primary  spermatocyte  stage,  which  persists  even  in  rats  over 
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400  days  old.  The  spermatocytes  degenerate  and  are  resorbed, 
but  if  the  number  formed  exceeds  those  destroyed,  the  testis 
may  increase  in  weight.  Multinucleated  giant-cells  are  formed 
during  the  process  of  degeneration.  The  spermatogonia  and 
Sertoli  cells  usually  persist  imaffected,  except  in  very  extreme 
cases,  where  a  complete  d^eneration  and  disintegration  of  the 
seminiferous  epithelium  may  occur.  If  the  underfeeding  begins 
after  sexual  maturity,  the  seminiferous  tissue  is  much  more 
resistant  and  normal  spermatogenesis  may  persist  for  a  long 
time.  The  seminiferous  tubules  may  increase  slightly  in  diame- 
ter in  the  shorter  tests,  but  usually  appear  subnormal  in  size  in 
the  longer  experiments. 

4.  Acute  inanition  in  adult  rats,  with  30  to  47  per  cent  loss 
in  body  weight,  produces  degenerative  changes  in  a  few,  irregu- 
larly scattered,  tubules.  All  the  other  tubules  show  apparently 
normal  structure  and  spermatogenesis,  although  there  is  a  general 
decrease  in  their  size.  The  degenerative  changes  are  initiated 
by  a  desquamation  of  the  epithelial  cells  into  the  Imnen  of  the 
seminiferous  tubule,  followed  by  pycnosis  and  karyolysis.  The 
process  involves  first  the  spermatids  and  spermatozoa,  then  the 
secondary  and  primary  spermatocytes,  and  finally  the  spermato- 
gonia. The  Sertoli  cells  are  the  most  resistant.  Dming  the 
degenerative  process,  multinucleated  giant-cells  arise,  apparently 
by  fusion  of  the  degenerating  spermatocytes. 

5.  During  inanition,  mitosis  is  very  persistent  in  the  seminifer- 
ous epitheliimi,  both  in  young  and  adult  rats.  It  may  occur 
even  in  tubules  where  nearly  all  the  cells  are  more  or  less  degen- 
erated. Amitosis  was  not  observed.  A  condition  resembling 
synizesis  was  frequently  observed  in  the  spermatids  in  both  con- 
trols and  test  rats. 

6.  Refeeding  after  prolonged  inanition  (beginning  in  rats  at 
three  weeks  of  age  and  extending  to  twelve  to  twenty  weeks) 
results  in  a  rapid  improvement  in  the  structure  of  the  testis, 
although  it  may  lag  behind  in  weight  for  a  while  dining  the 
preliminary  stages  of  reconstruction.  Spermatogenesis  returns 
to  normal  in  a  short  time,  the  tubules  gradually  increase  to  nor- 
mal diameter,  and  spermatozoa  appeared  in  thirty-seven  days. 
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7.  There  is  a  definite  hypertrophy  of  the  interstitial  tissue  and 
an  increase  in  the  number  of  interstitial  cells  of  the  testis  during 
the  regenerative  period  on  refeeding  after  inanition  (in  growing 
rats).  No  hypertrophy  of  the  interstitial  tissue  was  found 
accompanying  atrophy  of  the  seminiferous  epitheliiun  during 
inanition  in  either  young  or  adult  rats.  The  structure  of  the 
interstitial  tissue  and  the  size  of  the  nuclei  apparently  remain 
nearly  normal  during  acute  and  chronic  inanition,  except  in 
extreme  cases,  where  degenerative  changes  in  the  cells  may 
occur. 
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FIGURES  AND  EXPLANATION 

The  drawings  were  made  with  the  aid  of  a  camera  lucida.  The  unit  of  magnif- 
ication is  630  diameters  for  all  the  figures,  with  the  single  exception  of  figure  10, 
which  has  a  magnification  of  127  diameters.  All  the  material  stained  with  Hei- 
denhain's  iron-alum  haematoxylin  had  been  fixed  in  Camoy's  fluid  (no.  1).  The 
remaining  material  had  been  fixed  in  either  Bouin's  or  Zenker's  fixatives. 

PLATE  1 

EXPLANATION  OF  FIGURES 

Figures  1  to  7  show  normal  development  in  the  epithelial  w^all  and  the  growth 
of  the  tubules  in  albino  rats  from  birth  to  eight  weeks  of  age.    All  X  630. 

Figures  8  to  13  show  changes  in  the  seminiferous  epithelium  and  size  of  the 
tubules  brought  about  by  experimental  conditions. 

1  Transverse  section  of  a  tubule  from  the  testis  of  a  normal  newborn  rat  (Si 
1.4).  Section  6/i  thick;  stained  with  iron-alum-haematoxylin  and  acid  fuchsin. 
X  630.  Note  the  presence  of  a  single  layer  of  parietal  cells,  P.C.y  and  the  large 
central  cells,  C.C.y  in  the  center  of  the  tubule  Each  tubule  is  surrounded  by  a 
membrana  propria,  M.P. 

2  Transverse  sections  of  a  tubule  from  the  normal  testis  at  four  days  (Si  2.5). 
Section  6/i  thick;  stained  with  iron-alum-haematox>'lin.  X  630.  The  number 
of  parietal  cells,  P.O.,  has  increased,  while  the  central  cells,  CC,  are  less  fre- 
quent.   Membrana  propria,  M.P. 

3  Transverse  section  of  a  tubule  from  the  normal  testis  at  seven  days  (Si 
1.3).  Section  6m  thick;  stained  with  iron-alum-haematoxylin.  X  630.  Mitotic 
activity  is  apparent.  A  spermatogonium  in  metaphase  is  well  shown,  Sp.C. 
Germinative  cells  are  all  alike  (Allen's  type  A).    Membrana  propria,  M.P. 

4  Section  of  a  tubule  from  the  normal  testis  at  fourteen  days  (Si  1.5).  Sec- 
tion 6/i  thick;  stained  with  iron-alum-haematoxylin  and  acid  fuchsin.  X  630. 
Cells  of  (Allen's)  types  A  and  B  are  abundant  and  a  few  cells  of  type  C  are  present, 
A.,  B.f  C,  Sertoli  cells,  S.C.j  are  beginning  to  assume  their  adult  position  and 
structure.    Membrana  propria,  M.P. 

5  Section  of  a  tubule  from  a  normal  testis  of  twenty-one  days  (Si  6.0).  Sec- 
tion 10/i  thick;  stained  with  iron-alum-haematoxylin.  X  630.  All  types  of  cells, 
A.j  B.f  and  C,  are  present.  Primary  spermatocytes,  P.5.,  have  appeared.  Ser- 
toli cells,  S.C.  Membrana  propria^  M.P.  Note  the  formation  of  a  lumen,  L., 
in  the  tubule. 
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PLATE  2 


EXPLANATION   OF  FIGURES 


6  Section  of  a  tubule  from  a  normal  testis  at  four  weeks  (K  8.1).  Section 
lO/x  thick;  stained  with'  iron-alum-haematoxylin.  X  630,  Presents  the  same 
picture  as  the  preceding  figure,  but  also  shows  a  marked  increase  in  the  number 
of  primary  spermatocytes,  P.S. 

7  Portion  of  a  transverse  section  of  a  tubule  from  a  normal  testis  at  eight 
weeks  (St  5.2).  Section  10/*  thick;  stained  with  iron-haematoxylin.  X  630. 
Note  the  gradual  transition  from  the  spermatogonia  to  the  mature  spermatozoa. 
This  corresponds  very  closely  to  the  condition  found  in  the  adult  testis.  Sertoli 
cell,  S.C.;  spermatogonia,  S.;  primary  spermatocytes,  P.S.;  secondary  spermato- 
cytes, S.S.;  spermatids,  *Sip^;  spermatozoa,  Sp.;  membrana  propria,  M.P, 

8  Section  of  three  tubules  from  the  testis  of  a  rat  four  days  old  (Si  2.6)  which 
had  been  subjected  to  acute  inanition  for  fifty  hours.  Section  6/i  thick;  stained 
with  iron-alum-haematoxylin  and  acid  fuchsin.  X  630.  Note  that  the  structure 
resembles  that  of  the  newborn  more  closely  than  that  normal  at  four  days.  Com- 
pare with  figures  1  and  2.  Central  cells,  C.C;  parietal  cells,  P.C;  membrana 
propria,  M.P. 
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PLATE  3 


EXPLANATION  OF   FIGURES 


9  Section  of  a  tubule  from  a  rat  (S  7.32)  held  at  constant  body  weight  by 
underfeeding  from  three  to  ten  weeks  of  age.  Section  6m  thick;  stained  with 
haematoxylin  and  eosin.  X  630.  Degenerating  primary  spermatocytes,  D.P.S., 
showing  the  homogeneous,  deeply  acidophilic  staining  reaction  of  the  cytoplasm. 
Note  the  persistence  of  mitotic  figures,  M.F.;  the  normal  Sertoli  cells,  S.C.j  and 
spermatogonia,  S.  A  multinucleated  cell,  Mu.C,  typical  of  those  appearing  as 
a  result  of  chronic  inanition.  Degenerating  cytoplasm,  D.C. ;  membrana  propria, 
M,P. 

10  Section  of  a  portion  of  the  atrophic  testis  from  a  rat  (S  11.65)  subjected  to 
chronic  inanition  from  three  to  ten  weeks  of  age.  Section  IC/x  thick;  stained  with 
haematoxylin  and  eosin.  X  127.  The  central  tubule  shows  the  extreme  stage  of 
degeneration  (described  in  text),  a  complete  nearly  homogeneous  mass  of  necrotic 
tissue.  The  surrounding  tubules  show  various  stages  of  degeneration.  Note 
the  mitotic  figures,  M.F.y  in  the  tubule  to  the  right  and  the  apparently  normal 
Sertoli  cells,  S.C.  A  slight  hyperplasia  of  the  interstitial  cells,  7.C.,  appears. 
Blood-vessel,  B.V. 

11  Portion  of  a  tubule  from  the  testis  of  a  rat  (St  44.4)  stunted  by  under- 
feeding from  three  weeks  to  428  days  of  age.  Section  lO/x  thick;  stained  with 
haematoxylin  and  eosin.  X  630.  Note  the  degenerating  primary  spermato- 
cytes, D.P.S.;  the  multinucleated  cell,  Mu.C,  in  the  lumen.  Sertoli  cells,  S.C, 
and  spermatogonia,  S.^  are  apparently  normal.    Membrana  propria,  A/.P. 
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PLATE  4 


EXPLANATION   OF   FIGURES 


12  Oblique  section  of  a  testis  from  an  adult  rat  (S  25)  subjected  to  acute 
inanition  for  nine  days.  Section  lO/x  thick;  stained  with  haematoxylin  and 
eosin.  X  630.  Multinucleated  giant-cells,  M.G.C.,  occupy  the  center  of  the 
tubule.  D6bris  composed  of  degenerating  cells  of  various  kinds  fills  the  tubule. 
Spermatozoa,  Sp.;  spermatids,  Sptr,  spermatogonia,  S.;  membrana  propria,  M.P. 
The  Sertoli  cells,  S.C,  still  occupy  their  normal  position,  but  show  atrophic 
and  degenerative  changes. 

13  Portion  of  transverse  section  of  the  testis  from  a  rat  (S  12.52)  underfed 
from  three  to  ten  weeks  of  age  and  then  refed  for  thirty-seven  days.  Section  7/* 
thick;  stained  with  haematoxylin  and  eosin.  X  630.  Note  the  large  number  of 
normal  primary  spermatocytes,  P.S.j  and  spermatozoa,  Sp.  Spermatogonia,  S., 
showing  mitotic  figures,  are  abundant.  Sertoli  cell,  S.C;  membrana  propria, 
M.P. 
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PLATE  5 


EXPLANATION  OP  FIGURES 


14  A  to  F  represent  various  stages  in  the  interstitial  (mesenchymal)  cells  of 
the  testis  during  normal  development,  inanition,  and  refeeding.  All  magnified  X 
630.  A,  normal  newborn  (Si  1.4).  J?,  normal  adult  (S  14).  C,  underfeeding, 
three  to  ten  weeks  of  age  (S.  7.32).  D,  extreme  atrophy  in  underfeeding  from 
three  to  ten  weeks  of  age  (S  11.65).  E,  underfeeding  from  three  weeks  to  428 
days  of  age  (St.  44.4).  F\  refed  thirty-seven  days  after  underfeeding  from  three 
to  ten  weeks  of  age  (S.  12.52). 
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